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Chapter 1. Introduction 
 
Indole is a core structure of tryptophan as the essential amino acid. Numerous 
alkaloids contains indole skelton because they are produced from tryptophan in plant. Indole 
compounds have long been close to human life, such as blue dye from indigo and indomethacin 
in anti-inflammatory agent (Fig. 1-1). Therefore, it is not surprising that indoles are common 
core structures in pharmaceutical substances.
[1]
 Indole derivatives
[2]
 contain various biological 
activities those including antimicrobial, antibiotic, anti-inflammatory, analgesic, anticonvulsant, 
antimalarial, anticancer, antiulcer, antileishmanial, contraceptive, antioxidant, etc. The 
derivatives are also found to have agonistic effects on several receptors such as Liver X receptor, 
and 5-HT1D receptor. Indole is one of the best represented heterocyclic motifs present in the top 
selling pharmaceuticals, being found in eight of the top 200 drugs.
[3]
 If we count indole 
derivatives including oxindoles, isatins, carbazoles, and carbolines, tremendous number of 
pharmaceuticals has indole structure.
[4] 
 
 
Figure 1-1. Example of classical indole compounds. 
 
Optically active compounds are important building compounds for a synthesis of 
natural products, agrochemicals and pharmaceuticals. Development of environment-conscious 
synthetic methods which minimize waste as well as realize high yield and selectivity is in 
demand. Catalytic asymmetric synthesis, which gives a large amount of optically active 
compounds from catalytic amount of chiral sources, can potentially be one of the most efficient 
methods. This research is being vigorously advanced and the Nobel Prize in Chemistry 2001, 
which was given to Prof. William S. Knowles, Prof. Ryoji Noyori and Prof. K. Barry Sharpless, 
indicated the catalytic asymmetric syntheses became core manufacturing technology. However, 
catalytic asymmetric syntheses still requires further progress for practical use toward the future. 
To take an example, highly selective catalytic asymmetric carbon-carbon formations are needed 
to enhance efficiency for construction of carbon skeleton and introduction of chiral stereogenic 
center. Especially, the enantioselective construction of a quaternary carbon center remains one 
of the great challenges in organic synthesis.
[5]
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The purpose of this thesis is to provide novel indole derivatives containing quaternary 
chiral carbon center, by developing catalytic asymmetric method with high yield, diastereo- and 
enantioselectivity. This study will play an important role in advance toward catalytic 
asymmetric process which enables to construct more complex and multi-functionalized chiral 
molecular architectures. 
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Chapter 2. Catalytic asymmetric exo'-selective [3+2] cycloaddition for constructing 
spiro[pyrrolidin-3,3'-oxindole]s 
 
(1) Introduction 
Chiral spirooxindole found in various natural alkaloids is a key skeleton for designing 
pharmaceutical candidates.
[1,2]
 For example, Osada et al. isolated spirotryprostatins A and B 
from Aspergillus fumigatus, which showed inhibition of the cell cycle at the G2/M phase in 
mammalian tsFT210 (Figure 2-1).
[3]
 The spiro[pyrrolidin-3,3’-oxindole] ring system of 
spirotryprostatin A led to a structure-based design of potent inhibitors by regulating the 
interaction between tumor suppressor p53 and E3 ubiquitin ligase MDM2.
 [4] 
 
Figure 2-1. Examples of biologically active chiral spiro[pyrrolidin-3,3’-oxindole]s. 
The fascinating chiral spiro[pyrrolidin-3,3’-oxindole] scaffolds have been 
conventionally constructed via [3+2] cycloaddition of enantiomerically enriched substrates of 
2-oxoindolin-3-ylidene derivatives and azomethine ylides.
[5-7]
 In 2009, Gong et al. reported the 
first catalytic asymmetric synthesis of spiro[pyrrolidin-3,3’-oxindole] via three-component 
[3+2] cycloaddition using a chiral Brønsted acid catalyst (Scheme 2-1).
[8]
  
 
Scheme 2-1. Catalytic asymmetric synthesis of spiro[pyrrolidin-3,3’-oxindole]  
using a chiral Brønsted acid catalyst. 
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Waldman et al. established the exo-selective [3+2] cycloaddition of methyleneindolinone and 
iminoester catalyzed by the Ferrocenyl P-N-Cu
I 
complex.
[9]
 Recently, Wang et al. have also 
reported the TF-BiphamPhos-Ag
I
 catalyzed exo-selective [3+2] cycloaddition (Scheme 2-2).
[10] 
 
Scheme 2-2. Catalytic asymmetric exo-selective [3+2] cycloaddition of 
methyleneindolinone and iminoester 
 
The pioneering works on the exo-selective [3+2] cycloadditions have been 
successfully applied not only for synthesizing natural products, but also for screening a new 
generation of biologically active compounds. Because the biological activity of optically active 
compounds strictly correlates with the stereochemistry of the compounds, which controls the 
position and direction of functional groups, a flexible and diversified methodology for accessing 
various combinations of chiral networks is highly desirable, but has yet to be established. 
 
  
5 
 
 A program to provide a flexible route for such stereochemically diversified 
spiro[pyrrolidin-3,3’-oxindole]s is categorized into four groups as shown in Scheme 2-3. When 
a trans-methyleneindolinone is utilized, the stereoconjunction between the 3- and 4’-positions 
in the produced pyrrolidine ring is fixed as trans, and four diastereomers are possible, classified 
as endo, exo, endo′, and exo′ isomers, though only the exo-adduct is accessible in the catalytic 
asymmetric synthesis so far.
[11,12]
 
 
Scheme 2-3. Possible diastereomers of the chiral spiro[pyrrolidin-3,3’-oxindole]s. 
Imidazoline-aminophenol (‘IAP’ in Scheme 2-4) is an unique C1-symmetric 
N,O-hybrid ligand. IAP was efficient for stereoselective copper-catalyzed Friedel-Crafts 
reaction
 [13a-c,e,g]
 and Henry reaction
[13a,b]
 and its nickel catalyst-promoted exo′-selective [3+2] 
cycloaddition of nitroalkene with iminoester.
[13d]
 Exo′-selective [3+2] cycloaddition was 
possible for the first time using IAP. As IAP ligand has nitrogen-tethered flexible structure, the 
author speculated that IAP-Ni catalyzed [3+2] cycloaddition could be adapted for a construction 
of bulky pyrrolidinyl spirooxindoles. 
  
Scheme 2-4 IAP–Nickel complex catalyzed exo′-selective [3+2] reaction. 
 
  In this chapter, the author reports the first example of the catalytic asymmetric exo′-selective 
formation of spiro[pyrrolidin-3,3’-oxindole] using the chiral imidazoline-aminophenol (IAP)-Ni 
complex.
[14-16] 
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(2) Optimization of reaction conditions 
Initially, we examined the reaction of methyleneindolinone and iminoester in the 
presence of the IAP1-Ni(OAc)2 complex in dioxane (Table 2-1, entry 1). The IAP1-Ni(OAc)2 
catalyst gave the desired spiro[pyrrolidin-3,3’-oxindole] at a diastereoselectivity of 91:5:4. In 
the major isomer, the phenyl group at the 2’-position, the amide moiety of oxindole, the phenyl 
group at the 4’-position, and methoxy carbonyl group on the pyrrolidine ring were controlled in 
an all trans-relationship, corresponding to the exo′-adduct. This was confirmed by a NOE 
experiment (see details in page 11). The enantiomeric excess of the exo′-adduct was 55% ee. To 
our delight, the use of MeOH was found to provide the exo′-adduct with 91% ee during solvent 
screening (entry 4). The reaction examined using the more Lewis-acidic IAP2-Ni(OAc)2 
catalyst resulted in 76% ee (entry 7).  
Table 2-1. Optimization of reaction conditions (1). 
 
Entry Ligand Solvent Yield (%)
[a]
 exo′:exo:endo′ 
(or endo)
[b]
 
Ee 
(%) 
1 IAP1 dioxane 64 91/5/4 55 
2 IAP1 MeCN 95 91/6/3 67 
3 IAP1 THF 67 89/8/3 52 
4 IAP1 Et2O 47 88/11/1 59 
5 IAP1 CH2Cl2 49 72/23/5 57 
6 IAP1 PhMe trace - - 
7 IAP1 MeOH 98 92/7/1 91 
8 IAP2 MeOH 90 96/3/1 72 
[a] Combined yield of diastereomer. [b] Determined by crude NMR.  
 
Next, effects of base was examined in Table 2-2, entries 1-3. The use of K2CO3 
instead of NEt3 had a negative effect on the diastereoselectivity and the reaction didn’t proceed 
without NEt3 (entries 3, 4). Notably, the reaction without IAP1 resulted in a substantial decrease 
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in diastereoselectivity (entry 5). The best outcome for conversion and enantioselectivity was 
achieved when the reaction was carried out at 0 °C giving the exo′-adduct with up to 94% ee 
(entry 6).  
Table 2-2. Optimization of reaction conditions (2). 
 
Entry additive Temp (ºC) Time (h) Yield (%)
[a]
 exo′:exo:endo′ 
(or endo)
[b]
 
Ee 
(%) 
1 NEt3 rt 20 98 92/7/1 91 
2 iPr2NEt3 rt 17 77 95/5/ND 90 
3 K2CO3 rt 21 87 78/20/2 89 
4 - rt 21 trace - - 
5
[c]
 NEt3 rt 29 66 57/43/ND - 
6 NEt3 0 ºC 20 91 94/6/ND 94 
7 NEt3 -10 ºC 74 66 94/6/ND 96 
[a] Combined yield of diastereomer. [b] Determined by crude NMR. [c]Without IAP1 
 
(3) Substrate scope 
Under the optimized condition, the generality of the IAP1- Ni complex catalyzed 
asymmetric [3+2] cycloaddition of the exo′-spiro[pyrrolidin-3,3’-oxindole]s was examined, and 
the results are summarized in Table 2-3. t-Butyl-protected iminoester could be utilized and gave 
the exo′-product of spiro[pyrrolidin-3,3’-oxindole] (3b) with high enantioselectivity of 96% ee. 
Importantly, the reaction using t-butyl-protected iminoester improved exo′-selectivity, and the 
formation of exo-adduct became negligible. In Tables 2-3 and 2-4, the diastereoselectivities are 
provided as the ratio of exo′:endo′ (see details in page 11 for confirming the stereochemistry of 
the endo′-3m and endo′-3s). A number of methyleneindolinones bearing various substituted aryl 
groups were reacted with iminoester in a highly exo′-selective manner (3c-3j). Furyl-substituted 
methyleneindolinone also afforded the desired exo′-product with excellent enantioselectivity 
(3k), though the reaction using thienyl substituted alkene did not proceed. Carbonyl-substituted 
methyleneindolinone slightly decreased in diastereoselectivity, but the enantioselectivity was 
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not affected (3l, 3m). In addition, aliphatic methyleneindolinones were converted into their 
corresponding exo′-products (3n). 
Table 2-3. Substrate scope of IAP1-Ni(OAc)2 catalyzed asymmetric [3+2] cycloaddition (1).
[a]
  
 
[a]
 Diastereomeric ratio (dr) is provided as the ratio of exo′/endo′. [b] Conducted using Et3N (20 
mol %) and iminoester (2 eq) 
 
Next, the applicability of the substituted iminoesters for an array of diversified 
exo′-spiro[pyrrolidin-3,3’-oxindole]s was examined. Both electron-donating and -withdrawing 
substituents at different positions on the aromatic ring gave the exo′- product with 96-99% ee 
(3o-3r). Remarkably, aliphatic iminoester could participate in the [3+2] cycloaddition to afford 
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spiro[pyrrolidin-3,3’-oxindole] (3s). For the more reactive ethoxycarbonyl-substituted 
methyleneindolinone, the reaction occurred with acceptable diastereoselectivity and excellent 
enantioselectivity at -10 °C (3t). Interestingly, N-Boc-protected methyleneindolinone provided 
the desired product in a similar selectivity (3v). From the product 3v, a simple treatment with 
TFA gave the t-butyl-free product (Scheme 2-5). In Table 2-4, 3-methyl-2-butenal-derived 
iminoester gave (2’R, 3R)-3u. From the enantiomer of 3u the spirotryprostatin A and B will be 
synthesized concisely.
[5a-c] 
 
Table 2-4. Substrate scope of IAP1-Ni(OAc)2 catalyzed asymmetric [3+2] cycloaddition (2).
[a]
  
[a]
 Diastereomeric ratio (dr) is provided as the ratio of exo′/endo′. [b] Conducted using Et3N (20 
mol %) and iminoester (2 eq). PG= protecting group. 
 
Scheme 2-5. Deprotection of 3v 
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Furthermore, it was possible to reduce the catalyst loading to 5 mol % to obtain similar 
results for 3c and 3j. 
 
Scheme 2-6. IAP1(5.5 mol %)-Ni (5 mol %) catalyzed asymmetric [3+2] cycloaddition. 
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(4) Structual Determination of the product. 
Exo′-selectivity was confirmed by NOE experiment of 3a. As the result, the 
substituents on pyrrolidine ring were all trans configuration. Thus, the product was deteremined 
as exo′ isomer. 
 
Figure 2-2. NOE experiment of 3a. 
 
The absolute configuration of the product were elucidated by X-ray crystallography of 
spiro[pyrrolidin-3,3’-oxindole] (3d). The exo′-selectivity of the reaction was confirmed 
unambiguously, and the absolute configuration was determined as (2’R, 3R, 4’S, 5’S). 
 
Figure 2-3. X-ray structure of the exo’-spiro[pyrrolidin-3,3’-oxindole] 3d. Solvent molecules 
(MeOH) are omitted for clarify. 
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 Relative configuration of minor diastereomer was also confirmed by NOE experiment. 
When using t-Butyl-protected iminoester, formation of exo-adduct was suppressed and another 
minor diastereomer was increased. NOE experiment on the diastereomers of 3m and 3s 
revealed they were endo′-adducts. In endo′-adducts, the substituent at the 4’-position and 
t-butoxy carbonyl group on the pyrrolidine ring were in cis- relationship, and the substituent at 
the 2’-position and t-butoxy carbonyl group were controlled in trans. 
 
Figure 2-4. NOE experiment of endo′-3m and 3s. 
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(5) Proposed reaction mechanism 
A plausible mechanism to explain why IAP1-Ni complex provides the exo′-adduct 
selectively is shown in Scheme 2-6. 
 
Scheme 2-6. Proposed reaction mechanism. 
The author confirmed that no epimerization of the exo′-adduct occurred under the 
reaction conditions. Apparently, the stereochemistry of the exo′-product having a trans 
configuration at the 2’R- and 5’S- positions on the pyrrolidine ring suggests that the 
IAP1-Ni(OAc)2 catalyzed reaction is not the concerted 1,3-dipolar cyclization of the 
metal-bound azomethine ylides derived from iminoesters. One plausible explanation is that the 
reaction began from the Ni-catalyzed Michael addition of iminoester to methyleneindolinone.
[17]
 
Nucleophilic addition to methyleneindolinone would be possible by an interaction between the 
oxygen functionality of methyleneindolinone and the Ni center for controlling the 
stereoselectivity of the nucleophilic reaction. After the anti-selective Michael addition, the Ni 
atom would spontaneously flip to the Ni-enolate of methyleneindolinone because the neutral Ni 
center cannot keep the strained cyclic intermediate. Before the subsequent Mannich reaction, the 
C-N single bond must rotate to give the exo′-isomer via the most stable transition state. Overall, 
the IAP1-Ni catalysis would be controlled in the stepwise Michael-Mannich cyclization. The 
improvement of diastereoselectivity using the large t-butyl-protected iminoester would reflect 
the formation of exo′-product as the thermodynamically stable compound. When large 
substituents at the 2’- and 4’- positions on the pyrrolidine ring are employed, the reduction of 
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diastereoselectivities is explained by the steric repulsion with the -electons on the benzene ring 
of oxindole (3s).  
The absolute configuration at the 2’- and 5’- positions was the same as the product 
obtained in the previously reported IAP1-Ni catalyzed exo′-selective [3+2] cycloadddition of 
nitroalkenes and iminoesters.
[13]
 Moreover, when the counter-substrate of nitroalkene in the 
previous study was replaced with the alkenyl amide part of methyleneindolinone, the absolute 
configurations at 3R, 4’S are also well-explained in the mechanism depicted in Scheme 2-7. 
Although structure of methyleneindolinone appears to be widely different from that of 
nitroalkene, as shown in Scheme 2-7, amide moiety of methyleneindolinone could be regarded 
as nitro group analogue. Thus, the mechanism for the enantio-face selection of 
methyleneindolinone and iminoester is considerable by analogy with that for the [3+2] 
cycloaddition of nitroalkenes and iminoesters. 
 
Scheme 2-7. Comparison of nitroalkene and methyleneindolinone. 
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(6) Conclusion 
In conclusion, the author has achieved the catalytic asymmetric exo'-selective [3+2] 
cycloaddition of methyleneindolinones with iminoesters for the construction of novel 
diastereomers of spiro[pyrrolidin-3,3’-oxindole] using the imidazoline-aminophenol ligand 
(IAP1)-Ni(OAc)2 complex.
[18]
 
 
Scheme 2-8. Catalytic asymmetric exo'-selective [3+2] cycloaddition for constructing 
spiro[pyrrolidin-3,3'-oxindole]s. 
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Chapter 3. Imidazoline-aminophenol (IAP)-nickel complex: Structure and catalytic 
activity in enantioselective 1,4-addition of 3’-indolyl-3-oxindoles to nitroethylene 
 
(1) Introduction 
Numerous chiral ligands have been developed for conducting highly stereoselective 
asymmetric reactions. Although C2-symmetry has been used to design privileged chiral 
ligands,
[1]
 C1-symmetric chiral ligands potentially offer a wide variety of structural variations 
and properties that allow new approaches to enantioselective reactions. As mentioned in Chapter 
2, C1-symmetric IAP ligand-nickel complex has shown remarkable stereo-control ability.
[2]
 
However, the catalyst structure, which is essential for understanding the mechanism and design 
of new reactions, remained unknown. Here, the structure of the IAP-Ni complex was elucidated 
using single-crystal X-ray diffraction analysis, and the IAP-Ni catalyst was applied to 
enantioselective 1,4-addition of 3’-indolyl-3-oxindole to nitroethylene to give a optically active 
3,3’-mixed indoles useful for the asymmetric synthesis of 3’-indolyl-3-pyrrolidinoindoline (Fig. 
3-1). 
 
Figure 3-1. Examples of chiral indole-containing pyrrolidinoindolines. 
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The 3,3’-bisindole skeleton is found in a large number of natural products with 
bioactivity that makes it a candidate for pharmaceutical drugs.
[3]
 For example, gliogladin C and 
leptosin D possess cytotoxicity against P-388 lymphocytic leukemia cell lines.
[4,5]
 Elegant 
synthetic methods have been used to examine the total synthesis of 3,3’-bisindole alkaloids.[6,7] 
For chimonanthine, the pioneering work was Overman's enantioselective total synthesis that 
relies on two intramolecular Heck reactions to secure the vicinal quaternary stereocenters.
[7d]
 
The synthesis of (+)-chimonanthine by the Movassaghi group made uses of their innovative 
cobalt(I)-promoted reductive dimerization for constructing the biscyclotriptamine structure.
[7f]
 
Recently, Stephenson developed a visible-light photoredox catalytic unsymmetrical coupling of 
pyrrolidinoindolines with indoles for the total synthesis of (+)-gliocladin C.
[7g]
 
 
Scheme 3-1. Overman’s work: Cascade Heck reaction. 
 
Scheme 3-2. Movassaghi’s work: Reductive dimerization. 
 
Scheme 3-3. Stephanson’s work: Visible-light-mediated C-C bond formation. 
 
In addition to these syntheses, several approaches for catalytic asymmetric synthesis of 
3’-indolyl-3-pyrrolidinoindoline compounds have been reported. Overman et al. reported the 
catalytic enantioselective acylation of bisindole substrates, which was used for the total 
synthesis of (+)-gliocladine C.
[8]
 Trost et al. described the palladium-catalyzed asymmetric 
reaction of 3’-indolyl-3-oxindole with allenes, and converted the 3,3-disubstituted oxindole 
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products to a pyrrolidinoindoline core via hydrocarbonation reaction.
[9]
 Gong et al. also reported 
the total synthesis of (+)-gliocladine C using a catalytic asymmetric alkylation reaction of 
indole-containing 3-hydroxyoxindoles.
[10,11]
 These refined studies gave the chiral 3,3’-mixed 
bisindole product with high enantiomeric purity, however, many steps were needed to access to 
3-indolyl-3-pyrrolidinoindoline skeleton. Taking account of the importance of the natural 
product-like 3’-indolyl-3-pyrrolidinoindolines in pharmaceutical science, the development of 
divergent catalytic asymmetric approaches for these skeletons are in demand. 
 
Scheme 3-4. Overman’s work: Catalytic enantioselective acylation of bisindole substrates. 
Scheme 3-5. Trost’s work: Palladium-catalyzed asymmetric reaction of 3’-indolyl-3-oxindole 
with allenes. 
 
Scheme 3-6. Gong’s work: Catalytic asymmetric alkylation reaction of indole-containing 
3-hydroxyoxindoles. 
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(2) Structure of IAP2-Ni complex 
In IAP-Ni-catalyzed asymmetric reactions in Chapter 2, the catalyst was typically 
prepared in a IAP:Ni(OAc)2 ratio of 1.1:1 (Scheme 1). Because the catalyst prepared in this 
ratio showed a reasonably high level of asymmetric induction for the exo′-selective [3+2] 
cycloaddition using iminoesters and methyleneindolinone, comparable to results using the 
catalyst prepared in a IAP1:Ni(OAc)2 ratio of 2:1, a catalyst ratio of 1:1 was used initially. A 
similar tendency was seen in the exo′-selective [3+2] cycloaddition using nitroalkene as well. 
 
Scheme 3-7. Effect of IAP1:Ni ratio in previous [3+2] cycloadditions. 
 
However, when the catalyst solution was prepared in the ratio of 1:1, fine crystals 
suitable for X-ray crystallography were difficult to obtain due to the high solubility of the metal 
complex.  The ESI-MS analysis of the 1:1 catalyst solution produced a signal at 1599.0798 
corresponding to [(IAP1)2-Ni + H]
+
, suggesting the existence of a IAP:Ni(OAc)2 = 2:1 complex, 
in addition to a peak at 1715.0192 for the 1:1 IAP1: Ni(OAc)2 complex (Fig. 3-2). 
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Figure 3-2. ESI-MS analysis of the catalyst prepared in a 1 : 1 IAP:Ni(OAc)2 ratio. 
 
Compared with IAP1, IAP2 has a nitro group in the phenol ring and its nickel 
complex is more crystalline. Based on the ESI-MS results, fine crystals for the X-ray diffraction 
analysis were obtained from the mixture of IAP2:Ni(OAc)2 = 2:1 in CH2Cl2/MeOH (Fig. 3-3). 
The X-ray analysis revealed that two acetate anions of the nickel salt were exchanged with 
phenoxide anions, resulting in a IAP2: nickel ratio of 2:1. In this solvent system, the same 
crystals were formed even when 1 equiv of IAP2 ligand was mixed with 1 equiv of Ni(OAc)2. 
As shown in Fig. 3-3, tridentate IAP ligands generate a slightly distorted octahedral geometry 
around the nickel center. Interestingly, the imidazoline is located cis to another imidazoline. 
When four nitrogen atoms set on the horizontal coordination plane, two phenoxides stand 
perpendicular. Bond length correlation revealed that ion bonding of Ni-O (2.027Å) is shorter 
than the coordination bonds of Ni-N. The interaction of the tertiary amines with nickel (2.445 
Å) is weaker than the coordination of the imidazolines to nickel (2.088 Å). The face-to-face 
packing of the two sets of phenyl rings on the imidazoline rings enforce the unique cis-complex 
formation. 
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Figure 3-3. IAP2-nickel 2:1 complex: (a) Front view; (b) Back view; (c) Side view.  
22 
 
(3) Catalytic asymmetric 1,4-addition of 3’-indolyl-3-oxindole with nitroethylene.  
The catalytic asymmetric conjugate addition of nitroalkene with 3-substituted oxindole 
is a powerful tool for enantioselective preparation of pyrrolidinoindoline. In the seminal work, 
Barbas and Shibasaki independently reported the asymmetric 1,4-addition of 3-aryl or alkyl 
oxindole with nitroalkene using either a thiourea or homodinuclear Mn(III)2-Schiff base catalyst, 
respectively.
[12a,b]
 Maruoka et al. also reported the enantioselective base-free phase-transfer 
catalyzed 1,4-addition of 3'-phenyl oxindole in water-rich solvent.
[12c]
 Kanai and Matsunaga et 
al. reported the total synthesis of folicanthine and calycanthine using enantioselective double 
Michael addition of bisoxindole as the key step.
[16]
 Despite these advances, the conjugate 
addition of 3’-indolyl-3-oxindole with nitroethylene, which would enable rapid access to 
indole-containing pyrrolidinoindoline, was not investigated.
[12-16]
 
 
Scheme 3-8. Hitherto known asymmetric 1,4-addition of 3-aryl or alkyl oxindole. 
 
 
Scheme 3-9. Kanai’s work: The double Michael reaction of Bisoxindole. 
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Initially, to achieve the catalytic asymmetric synthesis of mixed 3,3’-bisindoles, the 
IAP2-nickel complex prepared from IAP2 and Ni(OAc)2 in a ratio of 2.1:1 was used in the 
reaction of 3’-indolyl-3-oxindole 1a with nitroethylene 2. With assistance of HFIP, the 
(IAP2)2-Ni complex smoothly catalyzed the desired 1,4-addition reaction in toluene at 0 ºC for 
3 h to give chiral 3’-indolyl-3-oxindole 3a containing an all-carbon quaternary center in 89% 
yield with 81% ee (entry 1 in Table 3-1). The isolated crystalline (IAP2)2-Ni possessed similar 
catalytic activity and yielded 3a in 92% yield with 82% ee (entry 2). The more basic (IAP1)2-Ni 
catalyst improved the stereoselectivity of 3a to 86% ee (entry 3). In entries 4 and 5, catalysts 
prepared from IAP2 and Ni(OAc)2 in 1.1:1 ratio were examined. Compound 1a was smoothly 
consumed within 3 hours, but yielded 3a with slightly lower enantioselectivity. In the 
(IAP1)2-Ni catalyzed reaction, the catalyst loading was reduced to 5 mol % to obtain results 
similar to those of entry 3 (entry 6). 
 
Table 3-1. Effects of the IAP:Ni(OAc)2 ratio on catalyst activity. 
 
Entry Ligand X Y Time (h) Yield (%) Ee(%) 
1 IAP2 21 10 3 89 81 
2
a
 IAP2 21 10 3 92 82 
3 IAP1 21 10 3 85 86 
4 IAP2 11 10 3 92 80 
5 IAP1 11 10 3 86 83 
6 IAP1 11 5 4 87 85 
a
Reaction using pure, isolated (IAP2)2-Ni complex (See experimental section). 
 
With 5 mol % (IAP1)2-Ni catalyst prepared in situ, reaction conditions were further 
optimized. Using PhMe as the solvent, reaction at -20 ºC for 6 h gave 3a in 82% yield with 87% 
ee (entry 3 in Table 3-2), although reaction at -40 ºC resulted in low conversion. Solvent 
screening revealed that the use of o-xylene provided 3a with 90% ee, although the yield 
decreased to 67% in 20 h (entry 4). To avoid the oligomerization of nitroethylene (2) during 
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long reaction times, slow addition of 2 was used to improve the yield of 3a to 95% while 
maintaining high enantioselectivity (entry 5). 
 
Table 3-2. Optimization of reaction conditions 
 
Entry Solvent Temp (ºC) Time (h) Yield (%) Ee(%) 
1 PhMe 0 4 87 85 
2 PhMe -20 6 82 87 
3 PhMe -40 24 41 87 
4 o-xylene -20 20 67 90 
5
a
 o-xylene -20 20 95 90 
a
Nitroethylene 2 was slowly added over 5 h. 
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(4) Substrate scope 
Under optimal conditions, the scope and limitations of enantioselective 1,4-addition of 
3’-indolyl-3-oxindole to nitroethylene were examined. Results are summarized in Table 3-3 and 
3-4. The 3’-indolyl-3-oxindole containing various substituents at the 5- and 6-positions of the 
oxindole ring reacted smoothly with nitroethylene to yield products with good to excellent 
enantioselectivities (3b-3g). The 7-trifluoromethyl substituted substrate afforded the desired 
product with a slightly reduced enantioselectivity (3h). The N-methoxy carbonyl and 
Cbz-protected substrates were also successfully converted into 3i and 3j, respectively. 
Nevertheless, the non-protected substrate (R
2
 = H) and N-acetyl substrates (R
2
 = Ac) on the 
oxindole-site resulted in no reaction.  
 
Table 3-3. Substrate scope (1). 
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Additional studies on substituent effects showed that a 4’- or 5’-substituent showed a 
little influence on enantioselectivity (3k-3m). The highly crystalline nature of the chiral mixed 
3,3’- bisindole (3) enriched the optical purity of 3m to 99% ee after a single recrystallization 
from CH2Cl2/MeOH (48% yield). X-ray crystallographic analysis of 3m revealed an 
(S)-configuration at the C3 position (Fig. 3-4). The 7’-methyl substrate gave 3o with excellent 
enantioselectivity (95% ee). In addition, enantioselective 1,4-addition proceeded well for the 
7’-chloro- and iodo-substrates (3p, 3q). For the R4-substituent on the indole site, the 
non-protected (R
4
 = H) and N-Boc substrate (R
2
 = Boc) also provided highly optically active 
mixed 3,3’-bisindoles (3r, 3s). Notably, not only the 3’-indolyl-3-oxindoles, but also the 
oxindole having an ethyl pyrrole at the 3-position were effectively converted into the 
corresponding 1,4-addition product with 84% ee (3t). 
 
Table 3-4. Substrate scope (2). 
 
 
a
 Enantiomeric excess (ee) after a single recrystallization from CH2Cl2/MeOH (48% yield). 
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Figure 3-4. Absolute configuration of 3m. 
 
Since the nitro group introduced in the chiral mixed 3,3’-bisindole (3) can undergo 
subsequent transformations, a construction of a chiral indole-containing cyclotryptamine motif 
was examined for demonstrating the synthetic utility of reaction product 3a (Scheme 3-10). 
After removal of the Boc-protecting group with trifluoroacetic acid (TFA), the nitro group was 
reduced by NiCl2•6H2O-NaBH4. Subsequent reaction with (MeO2C)2O cleanly provided the 
corresponding carbamate.
[11d]
 Finally, reductive amination of the carbamate using LiAlH4 in 
THF cyclized to give pyrrolidinoindoline 4a.
[11a]
 This three-step transformation gave 4a in 59% 
yield while maintaining enantioselectivity. The high yield and short synthetic strategy described 
in Scheme 3-10 is readily adaptable for providing biologically important chiral 3-indolyl 
cyclotryptamine compounds. 
 
Scheme 3-10. Chemical transformation of the 1,4-adduct 3a. 
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(5) Mechanistic study for the (IAP)2-Ni catalyzed reaction. 
As shown in entry 2 in Table 3-1, the pure, isolated (IAP2)2-Ni complex exhibited 
catalytic activity in 1,4-addition reactions. However, the entire coordination site of (IAP)2-Ni is 
filled, meaning the complex cannot accommodate a substrate. One possibility how the 
(IAP)2-Ni acts as the catalyst is the (IAP)2-Ni releases one IAP ligand to allow the replacement 
with substrate. The other is that (IAP)2-Ni complex partially dissociate to activate the substrate. 
To gain insight into the behavior of (IAP)2-Ni in asymmetric catalysis, the dependence of 
catalyst efficiency on the ratio of IAP to Ni(OAc)2 is summarized (Scheme 3-7 and Table 3-1). 
For the previously examined exo′-selective [3+2] cycloaddition using iminoesters, catalyst 
prepared in a 1:1 ratio provided products with same level of enantioselectivity, even though the 
IAP:Ni(OAc)2 catalyst prepared in a 2:1 ratio actually was catalytically active. Similar results 
were found for the current catalytic asymmetric 1,4-addition of 3’-indolyl-3-oxindole (1a) to 
nitroethylene (2), as shown in entries 5 and 6 of Table 3-1. In both cases, the IAP:Ni(OAc)2 
catalyst prepared in a 1:1 ratio gave products with reasonably high enantioselectivity. 
 
 
Figure 3-5. Plot of enantiomeric excess (ee) of (S)-3a vs. ee of (S,S,S)-IAP1. 
 
The non-linear effect of (IAP1)2-Ni catalyzed 1,4-addition of 1a to 2 is shown in 
Figure 3-5.
[17]
However, because the positive non-linear effect observed in Figure 3-5 was weak, 
determining the active catalyst species was difficult. Also, no difference was observed between 
1
H-NMR spectra of the IAP ligand and the IAP-Ni catalyst in toluene-d
8
 at -20 ºC. CD and UV 
measurement did not give any meaningful infomation. 
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 Next, a series of ESI-MS analyses were conducted for determining the behavior of the 
(IAP)2-Ni complex during asymmetric catalysis (Fig. 3-6). In the ESI-MS spectra of (IAP1)2-Ni 
in toluene, an ion peak at m/z 1599.0795 was observed corresponding to [IAP1:Ni=2:1 + H]
+
 
(Fig. 3-6A). Other ion peaks at m/z 828.0031 and 1715.0190 were assigned to [IAP1:Ni=1:1]
+
 
and [2x(IAP1:Ni=1:1) + OAc]
+
, respectively. Although the ion peak for [IAP1:Ni=2:1 + H]
+
 
was detected in the IAP1:Ni(OAc)2= 1:1 solution (Fig. 3-2), its intensity increased when the 
IAP1:Ni(OAc)2 complex used was in a ratio of 2:1. A toluene solution of (IAP2)2-Ni crystal 
also was confirmed to provide a strong ion peak at m/z 1533.2301 assigned to [IAP2:Ni=2:1 + 
H]
+
. The author also confirmed addition of HFIP (20 eq) did not produce significantly different 
ESI-MS spectra. 
 
Figure 3-6A. ESI-MS analysis of catalytic course: IAP1:Ni=2:1 solution 
 
When 2 equiv of 3’-indolyl-3-oxindole 1a were added to a toluene solution of 
(IAP1)2-Ni, the [IAP1:Ni=2:1 + H]
+
 ion peak decreased, and a new ion peak m/z 1190.1687 
appeared, which corresponded to [IAP1:Ni=1:1 + 1a ]
+
 (Fig. 3-6B). No ion peak over m/z 1800, 
which corresponded to [IAP1:Ni=2:1 + 1a]
+
 (calcd. m/z 1960.2359) was found. Although the 
author cannot deny the formation of [IAP1:Ni=2:1 + 1a]
+
, the detection of [IAP1:Ni=1:1 + 
1a ]
+
 suggested replacement of one IAP1 on the Ni catalyst with 1a. In addition, formation of 
[IAP1:Ni=1:1 + 1a ]
+
 indicates that 1a binds to the IAP1:Ni=1:1 complex via the enolate form, 
which suggests that (IAP1)2-Ni acts as a basic catalyst. No ion peak corresponding to [IAP1:Ni 
+ nitroalkene ]
+
 was observed, even after addition of 2 equiv of nitroethylene 2a or 
trans-β-nitrostyrene to (IAP1)2-Ni catalyst. 
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Figure 3-6B. ESI-MS analysis of catalytic course: IAP1:Ni=2:1complex +1a (2 eq) 
 In addition, ESI-MS analysis of the reaction mixture after completion of the 1,4-addition 
reaction involving 1a and 2a (Fig. 3-6C) resulted in a new ion peak at m/z 1263.1838, which 
was assigned to [IAP1:Ni=1:1 + 3a ]
+
, while the ion peak [IAP1:Ni=2:1 + H]
+
 decreased. 
 
Figure 3-6C. ESI-MS analysis of catalytic course:  
Reaction mixture after completion of 1,4-addition 
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(6) Working model of IAP-Ni-catalyzed asymmetric 1,4-addition. 
Based on the ESI-MS analysis and the relation between catalyst efficiency and IAP to 
Ni(OAc)2 ratio, a plausible reaction mechanism for asymmetric 1,4-addition of 
3’-indolyl-3-oxindole to nitroethylene promoted by the (IAP1)2-Ni complex is summarized in 
Scheme 3-11. The (IAP1)2-Ni complex is formed by reaction of Ni(OAc)2 with 2 equiv of IAP1. 
The (IAP1)2-Ni complex acts as a base to generate the enolate of 3’-indolyl-3-oxindole 1a. 
Then, 1,4-addition to nitroethylene 2 occurs on the reaction sphere produced by the IAP1-Ni 
complex to give the twitter ion complex of IAP1-Ni-3a. Ligand exchange between the anion of 
3a with 1a gives the mixed chiral 3,3’-bisindole 3a with regeneration of enolate. The 
elimination of IAP1, generated in the exchange with 1a, contributes to the stabilization of the 
catalytically active IAP1-Ni species. 
 
 
Scheme 3-11. Plausible catalytic cycle promoted by the (IAP1)2-Ni complex. 
Although this type of dynamic ligand exchange seems unlikely, this process is 
supported by the ESI-MS analysis shown in Fig. 3-6B and the following crossover experiment 
in next page.
 
(Analysis of particle sizes of reaction intermediates using Single Nano Particle 
Size Analyzer IG-1000 plus
[19]
 also suggest the ligand exchange process. See supporting 
information. )
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(7) Crossover experiment and ESI-MS analysis 
As a test of ligand exchange reaction, a crossover experiment was performed (Scheme 
3-12). The (IAP1)2-Ni and (IAP2)2-Ni were independently prepared. These catalysts were 
dissolved in PhMe, mixed in one flask and stirred for 24 h. The resulting mixture was diluted 
with PhMe in a test tube just before injection. The spectrum is shown in Figure 3-7. 
 
Scheme 3-12. General procedure for crossover experiment (1) 
 
Figure 3-7. ESI-MS analysis of crossover experiment (1) 
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 ESI-MS analysis of the resulting mixture contained a new ion peak at m/z = 1566.1505 
(C76H69Br3N7NiO8S2), corresponding to [IAP1 + IAP2 + Ni + H]
 +
. This ESI-MS study suggests 
formation of a (IAP1)2-Ni complex that allows a reversible process for the exchange of IAP1 
and 1a. 
 
Scheme 3-13. ligand exchange reaction in IAP-Ni complex.   
 
In addition, the author also tested that (IAP1)2-Ni in PhMe was treated with 2 equiv of 
IAP2. After the solution was stirred for 24 h, ESI-MS analysis was performed. For m/z = 
1566.1505, C76H69Br3N7NiO8S2 was identified to IAP1 + IAP2 + Ni complex as [M+H]
+
.
 
A ion 
peak of m/z 1649.1655 which was calcd for [2(IAP2:Ni = 1:1 ) + OAc ]+ C78H71Br2N8Ni2O12S2 
 
(Fig. 3-8) was also found. These experimental results support the ligand exchange working 
model in asymmetric catalysis. 
 
 
Scheme 3-14. General procedure for crossover experiment (2) 
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Figure 3-8. ESI-MS analysis of crossover experiment (2) 
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(8) Proposed transition state 
On the basis of these experimental results and previous reports on chiral Ni(II) 
complexes,
[18]
 the plausible binding orientation are proposed in Fig. 3-9. The metal-bound 
enolate of 1a normally would have a planar structure, with the benzene rings of both indole and 
oxindole in 1a facing in opposite directions. The nickel-bound enolate of the oxindole 1a avoids 
unfavorable steric repulsion between the indolyl group and the phenyl ring on the imidazoline 
of IAP1, observed in Figure 3-9B, which enforces formation of stable 3-9A. Thus, the 
nitroethylene 2 is expected to approach from the open bottom side because the bromine atom on 
the phenoxy ring shields approach from the upper side (3-9C). The molecular arrangement 
depicted in 3-9C results in reaction of 2 to the Re-face of 3’-indolyl-3-oxindole 1a to provide 
the chiral mixed 3,3’-bisindole 3a with the appropriate (S)-configuration. 
 
 
Figure 3-9. Proposed model for enantioface selection in IAP1-Ni catalyzed 1,4-addition of 
3’-indolyl-3-oxindole. 
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(9) Conclusion 
In summary, the structure of the (IAP)2-Ni complex was unequivocally determined by 
single-crystal X-ray crystallography, and the (IAP)2-Ni complex was applied to the catalytic 
asymmetric 1,4-addition of 3’-indolyl-3-oxindole to nitroethylene. The success of catalytic 
asymmetric formation of the chiral mixed 3,3’-bisindole 3 provides a new method for the 
efficient synthesis of distinctive indole-containing pyrrolidinoindolines. The (IAP)2-Ni complex 
acts as a Lewis base, and catalytic asymmetric 1,4-addition proceeded via the enolate of 
3’-indolyl-3-oxindole 1, which was obtained by a dynamic ligand-exchanging process.[20] 
 
Scheme 3-15. Catalytic asymmetric 1,4-addition of 3’-indolyl-3-oxindole to nitroethylene 
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Chapter 4. Catalytic Asymmetric Cyclopropanation with Diazooxindole 
 
(1) Introduction 
As described in Chapter 2, spirooxindole is a privileged heterocyclic motif that exists 
in a large number of bioactive natural alkaloids and pharmaceutical candidates.
[1]
 Recently, 
spirooxindoles having spiro[2,4]-system have been studied for application to medicinal 
chemistry. Spiro cyclopropyloxindole 1, especially, is a potent HIV-1 nonnucleoside reverse 
transcriptase inhibitor.
[2]
 Spiro epoxyoxindole 2 also shows biological activity as a potent 
inhibitor of differentiation in promyelocytic leukemia cells.
[3] 
The biological activity of many 
organic compounds is closely linked to stereochemistry, a phenomenon referred to as the “lock 
and key” model. Because of the potent biological importance of these compounds, catalytic 
enantio- and diastereoselective methods are needed for the synthesis of the spirooxindole 
framework. 
 
Scheme 4-1. Biologically active spirooxindole compounds. 
 
The enantioselective synthesis of these scaffolds is difficult because they have a highly 
hindered spirocyclic quaternary carbon center. Specifically, the catalytic chiral asymmetric 
synthesis of spirooxindole containing a cyclopropane ring remains a challenging task in the 
current organic synthesis.
[4,5]
 Recently, Baltoli and Bencivenni et al. reported the first 
enantioselective access to spiro cyclopropyloxindoles via an organocalatytic Michael/alkylation 
cascade reaction using methyleneindolinone and bromonitromethane to give the 
nitro-functionalized spiro cyclopropyloxindoles.
[6a]
 Markov and co-workers also reported an 
organocalatytic Michael/alkylation cascade reaction for chiral spiro cyclopropyloxindoles.
[6b]
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Scheme 4-2. Hitherto known catalytic asymmetric synthesis of spiro cyclopropyloxindoles 
 
For accessing the spiro cyclopropyloxindoles, metal-catalyzed cyclopropanation using 
diazo compounds of alkenes has provided an alternative approach. The catalytic asymmetric 
cyclopropanation using various olefins with diazooxindoles would provide a reliable method for 
preparing chiral spiro cyclopropyloxindoles containing various functional groups (Scheme 4-3). 
Carreira et al. (2003) reported a racemic synthesis of spiro cyclopropyloxindoles through 
cyclopropanation with diazooxindole for the total synthesis of spirotryprostatin B.
[8]
 This report 
describes a catalytic asymmetric synthesis of spiro cyclopropyloxindoles through transition 
metal-catalyzed asymmetric cyclopropanation with diazooxidole. 
 
Scheme 4-3. Catalytic asymmetric synthesis of spiro cyclopropyloxindole  
via a metal carbenoid intermediate. 
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(2) Racemic cyclopropanation of diazooxindole 
Racemic cyclopropanation of the diazooxindole and styrene with several metal salts 
was examined initially (Table 4-1). A solution of diazooxindole in dichloromethane was slowly 
added to a reaction mixture for 3h, and the obtained mixture was stirred for 30 min. Initially, 
Cu(I) triflate, an efficient catalyst for cyclopropanation, was used.
[9]
 However, the desired 
cyclopropation product was not obtained, despite consumption of the diazooxindole (Table 1 
entry 1). The use of the more electron-enriched ethyl vinyl ether also failed to give the desired 
product. The reaction using [Ru(p-cymene)Cl2]2 resulted in only a trace amount of product 
(Table 4-1, entry 2).
[10]
 In addition, Cu(I) and Co(II) acetate did not promote the reaction and the 
starting material was recovered (entries 3-4).
[11]
 In contrast, Rh2(OAc)4 smoothly catalyzed the 
reaction to give the cylopropanation adduct in 97% yield with 95:5 diastereoselectivity (entry 
5).
[12]
 In the major isomer, the phenyl group and the amide moiety of oxindole were controlled 
in an trans-relationship. This was confirmed by a NOE experiment (see details in page 42). 
 
Table 4-1. Racemic cyclopropanation of diazooxindole 
 
Entry metal salt yield (%) trans/cis 
1 CuOTf N.O. - 
2
[a]
 [Ru(p-cymene)Cl2]2 trace - 
3 CuOAc N.R. - 
4 Co(OAc)2 N.R.  
5
[a]
 Rh2(OAc)4 >99 95/5 
[a] 5 mol % catalyst was used.    
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(3) Optimization of reaction conditions  
The activity of our chiral IAP ligand was examined in the asymmetric metal-catalyzed 
cyclopropanation. However, the IAP-Cu complex didn’t give any spiro cyclopropyloxindole 
compound, and the IAP didn’t provide the complex with rhodium salt. Therefore, the author 
focused commercially available chiral rhodium catalysts and the results were shown in Table 
4-2. Davies et al. reported the proline-derived chiral dirhodium carboxylate, Rh2(S-TBSP)4, as 
an effective catalyst for enantioselective cyclopropenation reactions with aryl diazoacetates.
[13]
 
Although Rh2(S-TBSP)4 smoothly promoted the reaction, product was obtained in only 8% ee 
(entry 1). Rh2(S-PTTL)4, which was developed by Hashimoto et al., provided enantiomerically 
enriched spiro cyclopropyloxindole (entry 2).
[14]
 The reaction proceeded in a highly 
trans-selective manner to give the product in 90% yield with 61% ee. Although the reaction at 
-40 °C did not improve the enantioselectivity (entry 4), in the reaction at 0 °C, the catalyst 
loading was reduced to 1 mol % (entry 5). Under optimized conditions in entry 5, similar yield 
and selectivity were obtained even in the addition of a dichloromethane solution of 
diazooxindole in one portion (entry 6).  
 
Table 4-2. Catalytic asymmetric cyclopropanation with diazooxindole 
 
Entry Catalyst X Temp (°C ) Yield (%)
[a]
 trans/cis
[b]
 ee of trans (%) 
1 Rh2(S-TBSP)4 5 rt 77 94/6 8 
2 Rh2(S-PTTL)4 5 rt 90 97/3 61 
3 Rh2(S-PTTL)4 2.5 0 >99 98/2 66 
4 Rh2(S-PTTL)4 2.5 -40 31 97/3 66 
5 Rh2(S-PTTL)4 1 0 >99 98/2 66 
6
[c]
 Rh2(S-PTTL)4 1 0 >99 97/3 66 
[a] Combined yield of diastereomer. [b] Determined by crude NMR. 
[c] Diazooxindole was added in one portion and stirred for 1 h.  
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(4) Substrate scope 
The substrate scope of the Rh (II)-catalyzed cyclopropanation was explored and 
results are summarized in Table 4-3. Styrenes containing an electron-withdrawing group at the 
4-position on the phenyl ring gave the product in moderate enantioselectivity with excellent 
diastereoselectivity (6b, 6d). Meta- or ortho- substituted substrates were applicable to the 
reaction (6c,d). 4-Methylstyrene afforded the product with similar selectivity (6f). The reaction 
using 4-methoxystyrene was also possible and produced a high chemical yield of product with 
48% ee (6g). The reaction using 1-pentene gave the product in 65% yield with acceptable 
diastereoselectivity (trans:cis=88:12) (6h). The trans product exhibited greater 
enantioselectivity in up to 74% ee. 
 
Table 4-3. Catalytic asymmetric cyclopropanation of diazooxindole with various olefins
[a]
 
 
[a] The yield is shown as combined yield of diastereomers. Diastereomeric ratio (dr) is 
deteremined by crude NMR and provided as the ratio of trans/cis. 
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(4) Structual determination of the product. 
The relative configuration was deteremined by NOE experiment of 6a and 6h. 
The NOE analysis of the major product revealed that the relationship of the amide moiety of 
oxindole and the phenyl group is in the trans configuration. 
 
Figure 4-1. NOE experiment of 6a and 6h. 
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(6) Proposed mechanism for the trans-selective formation of spiro cyclopropyloxindole 
The high trans-selectivity observed in Tables 4-1 to 4-3 is explained in Scheme 4-4. 
For Rh-catalyzed cyclopropanation using aryl diazoacetate,
[13c, 15]
 the styrene attacks with its 
phenyl group pointing away from the bulky rhodium surface to avoid unfavorable interaction 
(TS1). The C=C bond of styrene is expected to approach from the amide side because a partial 
positive charge in the position of the phenyl group is stabilized by the negative charge of the 
amide oxygen (TS2).
[17, 18]
 Then, the alkene rotates to form spiro cyclopropyloxindole (TS3). As 
a result, the trans relation of the amide carbonyl and the phenyl group is expected to be the most 
favorable. The reaction mechanism via the perpendicular approach of the alkene to the 
rhodium(II)-carbon axis is also possible.
[9f, 14]
 
 
 
Scheme 4-4. Proposed mechanism for the trans-selective formation of  
spiro cyclopropyloxindole. 
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(7) Conclusion 
In conclusion, the chiral rhodium-catalyzed catalytic asymmetric cyclopropanation of 
diazooxindole for construction of spiro cyclopropyloxindoles was achieved successfully. This is 
the first report of an enantioselective reaction using diazooxindole (After our report, Zhou and 
co-workers developed highly enantioselective cyclopropanation with diazooxindole by using 
Hg(II)-catalyst, see ref 19).
[20]
 This novel method provides access to a variety of substituted 
cyclopropyloxindoles and will be useful in medicinal chemistry applications. 
 
 
Scheme 4-5. Catalytic asymmetric cyclopropanation of diazooxindole. 
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Experimental section 
 
General 
Dry solvents were purchased from commercial suppliers and used without further purification. 
Analytical thin-layer chromatography (TLC) was performed on glass plates coated with 0.25 
mm 230-400 mesh silica gel containing a fluorescent indicator (Merck, #1.05715.0009). 
Column chromatography was performed on Kanto silica gel 60 (spherical, 100-210 m). IR 
spectra were recorded on JASCO FT/IR-4100 using ATR. 
1
H-NMR spectra were recorded on 
ECA-500 (500MHz) spectrometers.
 
Chemical shifts of 
1
H-NMR spectra were reported relative 
to tetramethylsilane (0). 13C-NMR spectra were recorded on ECA-500 (125MHz) 
spectrometers.
 
Chemical shifts of 
13
C-NMR spectra were reported relative to CDCl3 ( 77.0). 
Splitting patterns were reported as s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet; br, 
broad. 
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Chapter 2: Contents 
S2-1. General procedure for exo′-selective [3+2] cycloaddition 
S2-2 Analytical data for exo’-product of spiro[pyrrolidine-3,3’-oxindole]. 
S2-3. Deprotection of 3v 
 
S2-1. General procedure for exo′-selective [3+2] cycloaddition (for entry 6 in Table 2-2 ). 
 L1 (0.0165 mmol) and Ni(OAc)2•4H2O (0.015 mmol) were added to a two-necked round flask 
containing a stir bar under Ar. MeOH (0.75 mL) was added to the flask and the mixture was 
stirred for 2 hours. To the resulting yellow solution, methyleneindolinone (0.15 mmol) and NEt3 
(0.015 mmol) were added subsequently at rt, then imino ester (0.15 mmol) was added at 
indicated temperature. After being stirred for appropriate time, the reaction mixture was 
quenched by water. The organic layer was extracted with ethyl acetate; the collected organic 
layer was dried over Na2SO4. After removal of the solvent under reduced pressure, the 
diastereomeric ratio was determined by 
1
H NMR mesurement. The resulting crude mixture was 
purified by column chromatography to afford cycloadduct. The enantiomeric excesses of the 
products were determined by chiral stationary phase HPLC using a Daicel Chiralcel OD-H, 
OJ-H, Chiralpak AD-H, AS-H, IA, and Chiralpak IC-3 column. 
General experimental details for synthesis of Imidazoline-aminophenol ligand have been 
described.
1,2
 Methyleneindolinone were synthesized according to known procedure.
3 
 
 
[1] Arai, T.; Yokoyama, N.; Yanagisawa, A. Chem. Eur. J. 2008, 14, 2052-2059. 
[2] Yokoyama, N. Arai, T. Chem. Commun. 2009, 3285-3287. 
[3] (a) Huang, A.; Kodanko, J. J.; Overman, L. E.; J. Am. Chem. Soc. 2004, 126, 14043. (b) Lo, 
M. M.-C.; Neumann, C. S.; Nagayama, S.; Perlstein, E. O.; Schreiber, S. L. J. Am. Chem. Soc. 
2004, 126, 16077. 
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S2-2. Analytical data for exo’-product of spiro[pyrrolidine-3,3’-oxindole] 
 
(2'R,3R,4'S,5'S)-methyl 2-oxo-2',4'-diphenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate 
(3a) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=3:1) as a yellow solid, 
m.p. 76-80°C; 
1
H NMR (500MHz, CDCl3)  7.64-7.61 (m, 1H), 
7.29-7.27 (m, 2H), 7.21 (br, 1H),7.10-7.03 (m, 8H), 6.91-6.87 (m, 
2H), 6.37-6.33 (m, 1H), 5.22 (s, 1H), 4.71 (d, J=9.7 Hz, 1H), 4.32 (d, 
J=9.7 Hz, 1H), 3.70 (s, 3H), 3.01 (br, 1H); 
13
C NMR (125MHz, CDCl3)  177.9, 175.3, 140.0, 
137.8, 135.4, 128.1, 128.0 (3C), 127.7, 127.5, 127.3, 126.7, 126.5, 121.6, 109.3, 69.1, 66.2, 61.4, 
58.1, 52.7; HRMS calcd for C25H22N2O3Na (M+Na)
+
: 421.1523, found: m/z 421.1514; 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (80:20 hexane: 
2-propanol, 0.7 mL/min, 254 nm); minor enantiomer tr = 36.2 min, major enantiomer tr = 39.1 
min; 94% ee; []D
23.0
= +70.3 (c=1.0, CHCl3, 94% ee); IR (neat) 3205, 3060, 1705, 1619, 1469, 
1216 cm
-1
. 
 
(2'R,3R,4'S,5'S)-tert-butyl 
2-oxo-2',4'-diphenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3b)  
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=4:1) as a yellow solid, m.p. 
72-75°C; 
1
H NMR (500MHz, CDCl3)  7.65-7.62 (m, 1H), 7.31-7.30 (m, 
2H), 7.30 (br, 1H),7.05-7.03 (m, 8H), 6.93-6.90 (m, 2H), 6.39-6.36 (m, 
1H), 5.26 (s, 1H), 4.58 (d, J=10.3 Hz, 1H), 4.17 (d, J=10.3 Hz, 1H), 2.98 
(br, 1H), 1.26 (s, 9H); 
13
C NMR (125MHz, CDCl3)  178.1, 173.6, 140.2, 138.5, 135.5, 128.4, 
128.0, 127.7(2C), 127.4, 127.3, 127.2, 126.7, 126.6, 121.7, 109.5, 81.7, 68.9, 66.2, 62.6, 59.2, 
27.9; HRMS calcd for C28H29N2O3 (M+H)
+
: 441.2173, found: m/z 441.2159; Enantiomeric 
excess was determined by HPLC with a Chiralpak AD-H column (80:20 hexane: 2-propanol, 
1.0 mL/min, 254 nm); major enantiomer tr = 7.3 min, minor enantiomer tr = 13.3 min; 96% ee; 
[]D
20.6
= +51.6 (c=1.0, CHCl3, 96% ee); IR (neat) 2975, 2922, 1704, 1619, 1470, 1156 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
4'-(4-bromophenyl)-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3c) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
white solid, m.p. 98-102°C; 
1
H NMR (500MHz, CDCl3)  
7.62-7.59 (m, 1H), 7.44 (br, 1H), 7.28-7.25 (m, 2H), 7.18-7.15 
(m, 2H), 7.05-7.98 (m, 3H), 6.95-6.88 (m, 4H), 6.41-6.39 (m, 
1H), 5.23 (s, 1H), 4.50 (d, J=10.4 Hz, 1H), 4.11 (d, J=10.4 Hz, 1H), 2.96 (br, 1H), 1.27 (s, 9H);
 
13
C NMR (125MHz, CDCl3)  177.9, 173.3, 140.2, 138.2, 134.7, 130.9, 130.1, 128.3, 127.7, 
127.4, 127.2, 126.7, 126.2, 121.8, 121.2, 109.8, 82.0, 68.6, 66.1, 62.5, 58.4, 28.0; HRMS calcd 
for C28H28BrN2O3 (M+H)
+
: 519.1278, found: m/z 519.1266; Enantiomeric excess was 
determined by HPLC with a Chiralcel IC-3 column (97:3 hexane: 2-propanol, 1.0 mL/min, 254 
nm); major enantiomer tr = 9.73 min, minor enantiomer tr = 16.6 min; 97% ee; []D
20.6
= +71.2 
(c=1.0, CHCl3, 97% ee); IR (neat) 2977, 2919, 1717, 1700, 1619, 1472 1153 cm
-1
. 
 
(2'R,3R,4'S,5'S)-tert-butyl 
4'-(4-chlorophenyl)-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3d) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
white solid, m.p. 88-92°C; 
1
H NMR (500MHz, CDCl3)  8.23 
(br, 1H), 7.63-7.61 (m, 1H), 7.28-7.26 (m, 2H), 7.02-6.98 (m, 
7H), 6.95-6.90 (m, 2H), 6.46-6.43 (m, 1H), 5.24 (s, 1H), 4.53 (d, 
J=10.6 Hz, 1H), 4.14 (d, J=10.6 Hz, 1H), 3.05 (br, 1H), 1.28 (s, 
9H);
 13
C NMR (125MHz, CDCl3)  177.8, 173.3, 140.2, 138.2, 134.2, 133.0, 129.7, 128.2, 
128.0, 127.7, 127.4, 127.3, 126.7, 126.3, 121.8, 109.7, 82.0, 68.6, 66.1, 62.5, 58.4, 28.0; HRMS 
calcd for C28H28ClN2O3 (M+H)
+
: 475.1783, found: m/z 475.1772; Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (90:10 hexane: 2-propanol, 1.0 mL/min, 
254 nm); major enantiomer tr = 15.1 min, minor enantiomer tr = 16.8 min; 96% ee; []D
20.6
= 
+72.2 (c=1.0, CHCl3, 96% ee); IR (neat) 2978, 2907, 1717, 1700, 1620, 1472, 1153 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
2-oxo-2'-phenyl-4'-(p-tolyl)spiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3e) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=4:1) as 
a yellow solid, m.p. 78-80°C; 
1
H NMR (500MHz, CDCl3)  
7.64-7.63 (m, 1H), 7.34 (br, 1H), 7.31-7.29 (m, 2H), 7.05-7.00 
(m, 3H), 6.93-6.92 (m, 4 H), 6.84-6.83 (m, 2H), 6.39-6.37 (m, 
1H), 5.24 (s, 1H), 4.53 (d, J=10.6 Hz, 1H), 4.14 (d, J=10.6 Hz, 1H), 2.96 (br, 1H), 2.16 (s, 3H), 
1.27 (s, 9H);
 13
C NMR (125MHz, CDCl3) 

; HRMS calcd for C29H31N2O3 (M+H)
+
: 455.2329, found: m/z 455.2316; 
Enantiomeric excess was determined by HPLC with a Chiralcel IC-3 column (97:3 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 15.8 min, minor enantiomer tr = 19.3 
min; 96% ee; []D
20.9
= +49.2 (c=1.0, CHCl3, 96% ee) ; IR (neat) 2975, 2924, 1717, 1702, 1618, 
1471, 1156 cm
-1
. 
 
(2'R,3R,4'S,5'S)-tert-butyl 
4'-(4-nitrophenyl)-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3f) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=4:1) as a 
white solid, m.p. 115-118°C; 
1
H NMR (500MHz, CDCl3)  
7.93-7.92 (m, 2H), 7.64-7.63 (m, 1H), 7.29-7.25 (m, 4H), 
7.06-7.04 (m, 3H), 6.96-6.91 (m, 2H), 6.40-6.38 (m, 1H), 5.26 
(s, 1H), 4.61 (d, J=10.3 Hz, 1H), 4.27 (d, J=10.3 Hz, 1H), 3.02 (br, 1H), 1.28 (s, 9H);
 13
C NMR 
(125MHz, CDCl3) 

; HRMS calcd for C28H28N3O5 (M+H)
+
: 
486.2023, found: m/z 486.2011; Enantiomeric excess was determined by HPLC with a 
Chiralpak AD-H column (70:30 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr 
= 6.7 min, minor enantiomer tr = 11.4 min; 97% ee; []D
20.6
= +72.1 (c=1.0, CHCl3, 97% ee) ; IR 
(neat) 2975, 2901, 1716, 1699, 1618, 1520, 1472, 1343, 1154 cm
-1
. 
 
  
60 
 
(2'R,3R,4'S,5'S)-tert-butyl 
4'-(3-chlorophenyl)-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3g) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=6:1) as a white solid, 
m.p. 165-168°C; 
1
H NMR (500MHz, CDCl3)  7.62-7.60 (m, 1H), 
7.58 (br, 1H), 7.29-7.25 (m, 2H), 7.06-6.92 (m, 9H), 6.44-6.39 (m, 
1H), 5.22 (s, 1H), 4.52 (d, J=10.4 Hz, 1H), 4.12 (d, J=10.4 Hz, 1H), 
2.97 (br, 1H), 1.29 (s, 9H);
 13
C NMR (125MHz, CDCl3) 177.8, 
173.2, 140.1, 138.2, 137.8, 133.6, 129.0, 128.6, 128.3, 127.7, 127.4 (2C), 127.3, 126.7 (2C), 
126.2, 121.9, 109.7, 82.0, 68.6, 66.0, 62.5, 58.4, 28.0; HRMS calcd for C28H28ClN2O3 (M+H)
+
: 
475.1783, found: m/z 475.1772; Enantiomeric excess was determined by HPLC with a 
Chiralpak AD-H column (90:10 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr 
= 11.5 min, minor enantiomer tr = 23.0 min; 97% ee; []D
20.9
= +64.5 (c=1.0, CHCl3, 97% ee) ; 
IR (neat) 3446, 2977, 1717, 1705, 1619, 1471, 1155 cm
-1
. 
 
(2'R,3R,4'R,5'S)-tert-butyl 
4'-(2-bromophenyl)-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3h) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=5:1) as a yellow solid, 
m.p. 85-90°C; 
1
H NMR (500MHz, CDCl3)  7.92 (br, 1H), 7.54 (d, 
J=7.0 Hz, 1H), 7.40-7.38 (m, 1H), 7.32-7.29 (m, 2H), 7.10-7.06  (m, 
1H), 7.02-6.99 (m, 3H), 6.95-6.82 (m, 4H), 6.44 (d, J=7.7 Hz, 1H), 
5.30 (s, 1H), 4.97 (d, J=9.06 Hz, 1H), 4.32 (d, J=9.06 Hz, 1H), 3.08 (br, 1H), 1.32 (s, 9H);
 13
C 
NMR (125MHz, CDCl3) 178.9, 172.9140.7, 138.5, 136.0, 132.8, 129.8, 128.4, 128.1, 128.0 
(2C), 127.7, 127.3, 126.7, 126.4, 126.0, 121.3, 109.5, 82.0, 68.6, 65.0, 64.8, 55.7, 27.9; HRMS 
calcd for C28H28BrN2O3 (M+H)
+
: 519.1278, found: m/z 519.1265; Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (70:30 hexane: 2-propanol, 1.0 mL/min, 
254 nm); major enantiomer tr = 6.1 min, minor enantiomer tr = 11.9 min; 99% ee; []D
21.0.
 +98.1 
(c=1.0, CHCl3, 99% ee) ; IR (neat) 2974, 2927, 1703, 1617, 1472, 1155 cm
-1
. 
 
  
61 
 
(2'R,3R,4'S,5'S)-tert-butyl 
5-chloro-2-oxo-2',4'-diphenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3i) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
yellow solid, m.p. 150-155°C; 
1
H NMR (500MHz, CDCl3)  7.66 
(d, J=2.0 Hz, 1H), 7.50 (br, 1H), 7.30-7.29 (m, 2H), 7.10-7.03 (m, 
8H), 6.90 (dd, J=8.3, 2.0 Hz, 1H), 6.31 (d, J=8.3 Hz, 1H), 5.24 (s, 
1H), 4.55 (d, J=10.3 Hz, 1H), 4.18 (d, J=10.3 Hz, 1H), 2.97 (br, 1H) 1.27 (s, 9H); 
13
C NMR 
(125MHz, CDCl3)  177.9, 173.5, 138.8, 138.0, 135.2, 128.6, 128.3, 128.0, 127.9(2C), 127.6, 
127.5, 127.4, 127.1, 126.6, 110.4, 81.9, 68.6, 66.5, 62.1. 58.9, 27.9; HRMS calcd for 
C28H28ClN2O3 (M+H)
+
: 475.1783, found: m/z 475.1771; Enantiomeric excess was determined 
by HPLC with a Chiralpak AD-H column (90:10 hexane: 2-propanol, 1.0 mL/min, 254 nm); 
major enantiomer tr = 9.3 min, minor enantiomer tr = 38.8 min; 94% ee; []D
21.1
= +77.9 (c=1.0, 
CHCl3, 94% ee) ; IR (neat) 2976, 2925, 1716, 1701, 1618, 1473, 1157 cm
-1
. 
 
(2'R,3R,4'S,5'S)-tert-butyl 
6-chloro-2-oxo-2',4'-diphenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3j) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=6:1) as a 
yellow oil; 
1
H NMR (500MHz, CDCl3)  7.86 (br, 1H), 7.57 (d, 
J=8.0 Hz, 1H), 7.28-7.25 (m, 2H), 7.07-7.03 (m, 8H), 6.90 (dd, 
J=8.0, 2.0 Hz, 1H), 6.42 (d, J=2.0 Hz, 1H), 5.23 (s, 1H), 4.53 (d, 
J=10.3 Hz, 1H), 4.16 (d, J=10.3 Hz, 1H), 3.00 (br, 1H), 1.27 (s, 9H),; 
13
C NMR (125MHz, 
CDCl3)  178.4, 173.5, 141.4, 138.1, 135.3, 133.6, 128.3, 128.2, 127.9 (2C), 127.6, 127.4, 126.6, 
125.2, 121.7, 110.3, 81.9, 68.7, 66.0, 62.3, 59.0, 27.9; HRMS calcd for C28H28ClN2O3 (M+H)
+
: 
475.1783, found: m/z 475.1772; Enantiomeric excess was determined by HPLC with a 
Chiralpak AD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr 
= 7.5 min, minor enantiomer tr = 13.4 min; 94% ee; []D
21.1
= +80.1 (c=1.0, CHCl3, 94% ee) ; IR 
(neat) 2977, 2928, 1709, 1616, 1456, 1155 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
4'-(furan-2-yl)-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3k) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=5:1) as a yellow solid, 
m.p. 173-175°C; 
1
H NMR (500MHz, CDCl3)  7.81 (br, 1H), 7.47 (d, 
J=7.5 Hz, 1H), 7.25-7.24 (m, 2H), 7.05-6.97 (m, 4H), 6.90 (ddd, 
J=7.7, 1.2 Hz, 1H), 6.87 (ddd, J=7.7, 1.2 Hz, 1H), 6.49 (d, J=7.5 Hz, 
1H), 6.04-6.03 (m, 1H), 5.92-5.91 (m, 1H), 5.11 (s, 1H) 4.49 (d, J=9.5 Hz, 1H), 4.29 (d, J=9.5 
Hz, 1H), 2.95 (br, 1H), 1.42 (s, 9H),; 
13
C NMR (125MHz, CDCl3)  178.1, 173.4, 150.9, 141.6, 
140.3, 137.7, 128.0, 127.7 (2C), 127.5, 127.0, 126.8, 121.7, 109.9, 109.4, 107.0, 82.1, 68.8, 64.5, 
61.9, 51.5, 28.1; HRMS calcd for C26H27N2O4 (M+H)
+
: 431.1965, found: m/z 431.1953; ; 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (90:10 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 12.5 min, minor enantiomer tr = 26.7 
min; 97% ee; []D
21.2
= +65.0 (c=1.0, CHCl3, 97% ee); IR (neat) 3218, 2978, 1716, 1705, 1619, 
1471, 1153 cm
-1
. 
 
(2'R,3R,4'S,5'S)-5'-tert-butyl 
4'-methyl 2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-4',5'-dicarboxylate (3l) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=3:1) as a white solid, 
m.p. 80-83°C; 
1
H NMR (500MHz, CDCl3)  8.31 (br, 1H), 7.44 (d, 
J=7.7 Hz, 1H), 7.18-7.16 (m, 2H), 7.03-6.99 (m, 4H), 6.99 (ddd, J= 
7.7, 0.9 Hz, 1H), 6.58 (d, J=7.7 Hz, 1H), 4.84 (s, 1H), 4.69 (d, J=7.2 
Hz, 1H), 3.97 (d, J=6.9 Hz, 1H), 3.23 (s, 3H), 2.88 (br, 1H), 1.52 (s, 9H); 
13
C NMR (125MHz, 
CDCl3)  178.1, 173.4, 169.8, 140.4, 136.5, 128.5, 127.8, 127.7, 126.9, 126.6, 126.4, 122.1, 
109.4, 82.5, 69.9, 62.6, 59.2, 55.3, 52.0, 28.2; HRMS calcd for C24H25N2O5 (M-H)
-
: 421.1758, 
found: m/z 421.1773; Enantiomeric excess was determined by HPLC with a Chiralcel IC-3 
column (90:10 hexane: 2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 11.1 min, 
major enantiomer tr = 18.8 min; 97% ee; []D
17.4
= -18.9 (c=1.0, CHCl3, 80/10 diastereomixture, 
97% ee); IR (neat) 2975, 2920, 1716, 1703, 1618, 1473, 1155 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
4'-benzoyl-2-oxo-2'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3m) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=4:1) as a pale brown 
solid, m.p. 60-65°C; 
1
H NMR (500MHz, CDCl3)  7.47-7.37 (m, 
4H), 7.23 (d, J=7.7 Hz, 2H), 7.17-7.15 (m, 2H), 7.08 (br, 1H), 
7.00-6.99 (m, 3H), 6.91-6.84 (m, 2H), 6.17 (d, J=7.5 Hz, 1H), 5.02 
(d, J=6.3 Hz, 1H), 4.93 (s, 1H), 4.86 (d, J=6.3 Hz, 1H), 2.90 (br, 1H) 1.47 (s, 9H);
 13
C NMR 
(125MHz, CDCl3)  196.1, 177.7, 173.9, 139.6, 137.0, 136.4, 132.9, 128.3, 128.2, 128.0, 127.9, 
127.8, 127.6, 127.0, 125.8, 122.1, 108.8, 82.3, 71.4, 63.0, 59.1, 57.6, 28.2; HRMS calcd for 
C29H27N2O4 (M-H)
-
: 467.1965, found: m/z 467.1977; Enantiomeric excess was determined by 
HPLC with a Chiralpak AD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major 
enantiomer tr = 11.6 min, minor enantiomer tr = 17.7 min; 98% ee; []D
17.6
= +21.8 (c=1.0, 
CHCl3, 98% ee); IR (neat) 3326, 2975, 1717, 1700, 1684, 1472, 1240, 1155 cm
-1
. 
 
endo′-3m: According to the general procedure, the title compound 
was obtained by column chromatography (Hexane: AcOEt=4:1 to 
1:1) as a white solid, m.p. 107-110°C; 
1
H NMR (500MHz, CDCl3)  
8.47 (br, 1H), 7.39 (d, J=7.5 Hz, 2H), 7.30-7.27 (m, 4H), 7.14-7.08 
(m, 5H), 7.01 (t, J=7.5 Hz, 1H), 6.87 (d, J=7.7 Hz, 2H), 5.82 (d, 
J=6.3 Hz, 1H), 4.97 (s, 1H), 4.60 (d, J=6.3 Hz, 1H), 3.40 (br, 1H) 1.22 (s, 9H);
 13
C NMR 
(125MHz, CDCl3)  198.6, 180.1, 170.4, 141.0, 139.4, 138.8, 132.6, 128.6, 128.2, 128.0, 127.7, 
127.6, 127.4, 127.1, 126.7, 122.9, 109.5, 81.8, 67.8, 64.1, 60.6, 58.0, 27.7; HRMS calcd for 
C29H27N2O4 (M-H)
-
: 467.1965, found: m/z 467.1977; []D
20.0
= +169.2 (c=1.0, CHCl3) ; IR (neat) 
2963, 1732, 1683, 1472, 1259, 1095 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
2-oxo-2'-phenyl-4'-propylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3n) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=6:1) as a yellow oil; 
1
H 
NMR (500MHz, CDCl3)  7.60 (br, 1H), 7.45 (d, J=7.5 Hz, 1H), 
7.17-7.15 (m, 2H), 7.04 (ddd, J=7.7, 1.2 Hz, 1H), 7.00-6.98 (m, 3H), 
6.96.04 (ddd, J=7.5, 1.2 Hz, 1H), 6.57 (d, J=7.7 Hz, 1H), 4.91 (s, 1H), 
3.77 (d, J=8.6 Hz, 1H), 3.05-3.00 (m, 1H), 2.70 (br, 1H), 1.61-1.53 (m, 1H), 1.53 (s, 9H), 
1.27-1.22 (m, 1H), 1.14-1.10 (m, 1H), 0.98-0.94 (m, 1H), 0.70 (t, J=7.2 Hz, 3H); 
13
C NMR 
(125MHz, CDCl3) 179.6, 174.6, 140.4, 137.5, 127.9, 127.5, 127.4, 127.1 (2C), 126.9, 121.8, 
109.6, 81.8, 70.0, 64.4, 63.8, 51.4, 33.4, 28.3, 20.6, 14.1; HRMS calcd for C25H29N2O3 (M-H)
-
: 
405.2184, found: m/z 405.2188; Enantiomeric excess was determined by HPLC with a 
Chiralpak AD-H column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr 
= 5.1 min, minor enantiomer tr = 10.1 min; 95% ee; []D
17.9
= +24.3 (c=1.0, CHCl3, 95% ee) ; IR 
(neat) 3210, 2960 1704, 1619, 1470, 1157 cm
-1
. 
 
(2'R,3R,4'S,5'S)-tert-butyl 
2'-(4-bromophenyl)-2-oxo-4'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3o) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=4:1) as a 
yellow solid, m.p. 90-93°C; 
1
H NMR (500MHz, CDCl3)  
7.61-7.60 (m, 1H), 7.44 (br, 1H), 7.20-7.16 (m, 4H), 7.60-7.01 
(m, 5H), 6.97-6.91 (m, 2H), 6.42-6.40 (m, 1H), 5.20 (s, 1H), 
4.56 (d, J=10.3 Hz, 1H), 4.13 (d, J=10.3 Hz, 1H), 2.98 (br, 1H), 1.25 (s, 9H); 
13
C NMR 
(125MHz, CDCl3)  177.6, 173.5, 140.1, 137.7, 135.2, 130.8, 128.5, 128.4, 128.3, 127.8, 127.3, 
127.2, 126.2, 121.8, 121.1, 109.7, 81.9, 68.0, 66.0, 62.4, 59.2, 27.9; HRMS calcd for 
C28H27BrN2O3Na (M+Na)
+
: 541.1097, found: m/z 541.1082; Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (70:30 hexane: 2-propanol, 1.0 mL/min, 
254 nm); major enantiomer tr = 6.6 min, minor enantiomer tr = 16.0 min; 97% ee; []D
23.0
= 
+60.7 (c=1.0, CHCl3, 97% ee) ; IR (neat) 3197, 2929, 1711,1620, 1469, 1159 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
2-oxo-4'-phenyl-2'-(p-tolyl)spiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3p) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
yellow solid, m.p. 83-87°C; 
1
H NMR (500MHz, CDCl3)  
7.67-7.65 (m, 1H), 7.44 (br, 1H), 7.18 (d, J=8.0 Hz, 2H), 
7.06-7.01 (m, 5H), 6.94-6.91 (m, 2H), 6.85 (d, J=8.0 Hz, 2H), 
6.40-6.37 (m, 1H), 5.23 (s, 1H), 4.57 (d, J=10.3 Hz, 1H), 4.16 (d, J=10.3 Hz, 1H), 2.96 (br, 1H), 
2.15 (s, 3H), 1.26 (s, 9H); 
13
C NMR (125MHz, CDCl3)  178.1, 173.6, 140.3, 136.8, 135.5, 
135.4, 128.4 (2C), 127.9, 127.7, 127.4, 127.2, 126.7 (2C), 121.6, 109.6, 81.7, 68.5, 66.2, 62.5, 
59.2, 27.9, 21.1; HRMS calcd for C29H31N2O3 (M+H)
+
: 455.2329, found: m/z 455.2314; 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (90:10 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 12.4 min, minor enantiomer tr = 35.1 
min; 96% ee; []D
19.0
= +71.6 (c=1.0, CHCl3, 96% ee); IR (neat) 3334, 2976, 1716, 1704, 1619, 
1471, 1155 cm
-1
. 
 
(2'S,3R,4'S,5'S)-tert-butyl 
2'-(2-bromophenyl)-2-oxo-4'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3q) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=6:1) as a yellow solid, 
m.p. 173-175°C; 
1
H NMR (500MHz, CDCl3)  7.82 (dd, J=8.0, 1.7 
Hz, 1H), 7.50 (br, 1H), 7.27-7.25 (m, 1H), 7.16 (d, J=7.5 Hz, 1H), 
7.11-7.02 (m, 6H), 6.90 (ddd, J=7.7, 1.4 Hz, 2H), 6.75 (ddd, J=7.5, 
1.4 Hz, 1H), 6.44 (d, J=7.7 Hz, 1H), 5.60 (s, 1H), 4.57 (d, J=10.3 Hz, 1H), 4.16 (d, J=10.3 Hz, 
1H), 3.23 (br, 1H), 1.25 (s, 9H); 
13
C NMR (125MHz, CDCl3)  178.6, 172.5, 140.5, 138.9, 
135.3, 132.5, 130.7, 128.8, 128.7, 128.0, 127.7, 127.6, 127.2, 126.6, 126.3, 123.5, 121.1, 109.4, 
81.9, 67.1, 65.1, 63.5, 61.1, 27.9; HRMS calcd for C28H28BrN2O3 (M+H)
+
: 519.1278, found: m/z 
519.1262; Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (95:5 
hexane: 2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 7.9 min, major enantiomer tr = 
10.2 min; 99% ee; []D
19.3
= +36.6 (c=1.0, CHCl3, 99% ee); IR (neat) 3065, 2977, 1707, 1618, 
1471, 1158 cm
-1
. 
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(2'R,3R,4'S,5'S)-tert-butyl 
2'-(3-chlorophenyl)-2-oxo-4'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3r) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=6:1) as a 
yellow solid, m.p. 83-85°C; 
1
H NMR (500MHz, CDCl3)  
7.61-7.59 (m, 1H), 7.38 (s, 1H), 7.17-7.14 (m, 2H), 7.05-7.02 (m, 
5H), 7.00-6.92 (m, 2H), 6.95-6.93 (m, 2H), 6.41-6.39 (m, 1H), 
5.22 (s, 1H), 4.56 (d, J=10.6 Hz, 1H), 4.13 (d, J=10.6 Hz, 1H), 3.00 (br, 1H), 1.25 (s, 9H); 
13
C 
NMR (125MHz, CDCl3)  177.3, 173.4, 140.1, 140.0, 135.1, 133.7, 129.0, 128.4, 128.2, 127.8, 
127.5, 127.3 (2C), 127.0, 126.2, 124.8, 121.9, 109.5, 81.9, 67.8, 66.0, 62.5, 59.3, 27.9; HRMS 
calcd for C28H28ClN2O3 (M+H)
+
: 475.1783, found: m/z 475.1761; Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (95:5 hexane: 2-propanol, 1.0 mL/min, 
254 nm); major enantiomer tr = 21.9 min, minor enantiomer tr = 47.1 min; 97% ee; []D
19.0
= 
+119.8 (c=1.0, CHCl3, 97% ee) IR (neat) 3334, 2976, 1716, 1704, 1619, 1471, 1155 cm
-1
. 
 
(2'R,3R,4'S,5'S)-tert-butyl 
2'-neopentyl-2-oxo-4'-phenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylate (3s) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=6:1) as a yellow solid, 
m.p. 70-73°C; 
1
H NMR (500MHz, CDCl3)  7.64 (br, 1H), 7.59 (d, 
J=7.5 Hz, 1H), 7.12 (ddd, J=7.7, 1.2 Hz, 1H), 7.05-6.97 (m, 6H), 6.64 
(d, J=7.7 Hz, 1H), 4.38 (d, J=10.3 Hz. 1H), 4.02 (dd, J=8.6, 1.2 Hz, 
1H), 3,91 (d, J=10.3 Hz, 1H), 2.89 (br, 1H), 1.23 (s, 9H), 1.10 (dd, J=14.3, 8.6 Hz, 1H), 0.86 (s, 
9H), 0.80 (d, J=14.3 Hz, 1H); 
13
C NMR (125MHz, CDCl3)  178.1, 173.7, 140.6, 135.6, 128.4, 
128.1, 127.7, 127.5, 127.1, 126.9, 122.1, 109.7, 81.5, 65.4, 63.6, 62.6, 58.5, 46.1, 30.3, 30.0, 
27.9; HRMS calcd for C27H35N2O3 (M+H)
+
: 435.2642, found: m/z 435.2621; Enantiomeric 
excess was determined by HPLC with a Chiralpak AD-H column (90:10 hexane: 2-propanol, 
1.0 mL/min, 254 nm); major enantiomer tr = 7.0 min, minor enantiomer tr = 11.8 min; 78% ee; 
[]D
19.4
= +95.0 (c=1.0, CHCl3, 78% ee); IR (neat) 3211, 2955, 1705, 1619, 1471, 1157 cm
-1
. 
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endo′-3s: According to the general procedure, the title compound 
was obtained by column chromatography (Hexane: AcOEt=6:1) as 
a yellow oil; 
1
H NMR (500MHz, CDCl3)  8.41 (br, 1H), 7.59 (d, 
J=7.5 Hz, 1H), 7.26-7.18 (m, 3H), 7.12 (d, J=6.9 Hz, 2H), 7.03 
(ddd, J=7.7, 1.2 Hz, 1H), 6.77 (d, J=7.5 Hz, 1H), 6.62 (ddd, J=7.7, 
0.9 Hz, 1H), 4.34 (d, J=5.4 Hz. 1H), 3.9 (d, J=85.7 Hz, 1H), 3,57 (d, J=9.2 Hz, 1H), 2.93 (br, 
1H), 1.41 (s, 9H), 0.92-0.83 (m, 2H), 0.81 (s, 9H);
13
C NMR (125MHz, CDCl3)  181.0, 171.7, 
141.1, 139.8, 129.1, 128.3, 128.2, 127.7, 127.2, 125.1, 121.9, 109.3, 81.6, 68.0, 66.7, 63.6, 58.1, 
43.9, 30.3, 30.0, 28.1; HRMS calcd for C27H35N2O3 (M+H)
+
: 435.2642, found: m/z 435.2623; 
[]D
20.1
= -16.4 (c=1.0, CHCl3). ; IR (neat) 2961, 1717, 1698, 1472, 1154 cm
-1
. 
 
(2'R,3R,4'S,5'S)-5'-tert-butyl 
4'-ethyl 2'-neopentyl-2-oxospiro[indoline-3,3'-pyrrolidine]-4',5'-dicarboxylate (3t) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=3:1) as a white solid, 
m.p. 60-62°C; 
1
H NMR (500MHz, CDCl3)  8.24 (br, 1H), 7.29 (d, 
J=7.7 Hz, 1H), 7.21 (ddd, J=7.7, 1.2 Hz, 1H), 6.99 (ddd, J=7.7, 1.2 
Hz, 1H), 6.86 (d, J=7.7 Hz, 1H), 4.51 (d, J=6.6 Hz. 1H), 3.82-3,75 (m, 
1H), 3.75 (d, J=6.6 Hz. 1H), 3.70-3.64 (m, 1H), 3.59 (d, J=8.0 Hz. 1H), 2.68 (br, 1H), 1.50 (s, 
9H), 0.89-0.86 (m, 1H), 0.82 (s, 9H), 0.71 (d, J=15.5 Hz, 1H), 0.68 (t, J=7.2 Hz, 3H); 
13
C NMR 
(125MHz, CDCl3)  178.8, 173.6, 169.4, 141.3, 128.6, 127.7, 125.6, 122.4, 109.7, 82.1, 64.2, 
61.9, 60.9, 60.5, 55.1, 44.3, 30.1, 29.8, 28.2, 13.5; HRMS calcd for C24H35N2O5 (M+H)
+
: 
431.2540, found: m/z 431.2528; Enantiomeric excess was determined by HPLC with a Chiralcel 
IA column (90:10 hexane: 2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 9.3 min, 
major enantiomer tr = 17.3 min; 92% ee; []D
21.3
= +28.2 (c=1.0, CHCl3, 85/15 diastereomixture, 
92% ee); IR (neat) 3243, 2956, 1713, 1618, 1471, 1155 cm
-1
. 
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(2'R,3R,4'S,5'S)-5'-tert-butyl 4'-ethyl  
2'-(2-methylprop-1-en-1-yl)-2-oxospiro[indoline-3,3'-pyrrolidine]-4',5'-dicarboxylate (3u) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=4:1) as a yellow solid, 
m.p. 48-51°C; 
1
H NMR (500MHz, CDCl3)  8.01 (br, 1H), 7.32 (d, 
J=7.5 Hz, 1H), 7.20 (ddd, J=7.7, 1.2 Hz, 1H), 7.00 (ddd, J=7.5, 1.2 Hz, 
1H), 6.83 (d, J=7.7 Hz, 1H), 6.57 (d, J=7.7 Hz, 1H), 4.51 (d, J=7.2 Hz. 
1H), 4.46 (d, J=8.9Hz, 1H), 4.41 (d, J=8.9 Hz, 1H), 3.84-3.77 (m, 1H), 3.82 (d, J=7.2 Hz. 1H), 
3.71-3.65 (m, 1H), 1.62 (s, 3H), 1.50 (s, 9H), 1.45 (s, 3H), 0.68 (t, J=6.9 Hz, 3H); 
13
C NMR 
(125MHz, CDCl3)  178.0, 173.4, 169.2, 141.1, 138.5, 128.5, 127.5, 125.6, 122.4, 120.2, 109.4, 
82.1, 64.7, 61.3, 60.9, 59.9, 55.4, 28.1, 25.9, 18.6, 13.5; HRMS calcd for C23H31N2O5 (M+H)
+
: 
415.2227, found: m/z 415.2212; Enantiomeric excess was determined by HPLC with a 
Chiralpak AD-H column (95:5 hexane: 2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 
28.8 min, major enantiomer tr = 48.0 min; 71% ee; []D
19.5
= -34.4 (c=1.0, CHCl3, 71% ee); IR 
(neat) 3217, 2961, 1732, 1716, 1618, 1472, 1155 cm
-1
. 
 
(2'R,3R,4'S,5'S)-di-tert-butyl 
2-oxo-2',4'-diphenylspiro[indoline-3,3'-pyrrolidine]-1,5'-dicarboxylate (3v) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=15:1) as a white solid, 
m.p. 160-163°C; 
1
H NMR (500MHz, CDCl3)  7.67-7.65 (m, 1H), 
7.30-7.25 (m, 3H), 7.07-6.97 (m, 10H), 5.31 (s, 1H) 4.56 (d, J=10.3 
Hz, 1H), 4.23 (d, J=10.3 Hz, 1H), 2.95 (br, 1H), 1.54 (s, 9H), 1.27 (s, 
9H),; 
13
C NMR (125MHz, CDCl3)  175.4, 173.4 (2C), 148.6, 139.3, 138.1, 135.1, 128.3, 128.2, 
127.8, 127.5, 127.3, 126.8, 126.7, 125.0, 123.5, 114.4, 84.2, 81.8, 69.3, 66.0, 62.2, 60.0, 28.1, 
27.9; HRMS calcd for C33H37N2O5 (M+H)
+
: 541.2697, found: m/z 541.2680; Enantiomeric 
excess was determined by HPLC with a Chiralpak AD-H column (70:30 hexane: 2-propanol, 
1.0 mL/min, 254 nm); major enantiomer tr = 4.8 min, minor enantiomer tr = 15.6 min; 97% ee; 
[]D
21.3
= +47.2 (c=1.0, CHCl3, 97% ee) ; IR (neat) 2977, 1734, 1718, 1472, 1151 cm
-1
. 
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S2-3. Deprotection of 3v 
TFA (500 l) was added to a mixture of 3v (54.1 mg, 0.100 mmol) and 1,2-dichloroethane 
(500 l). After being stirred for 2 h at 40  C, the reaction mixture was concentrated under 
reduced pressure and azeotroped with PhMe. Column chromatography (CHCl3:MeOH=10:1 to 
5:1) gave the product as white solid (34.2 mg, 89%), m.p. 175-178°C. 
 
(2'R,3R,4'S,5'S)-2-oxo-2',4'-diphenylspiro[indoline-3,3'-pyrrolidine]-5'-carboxylic acid 
1
H NMR (500MHz, CD3OD)  10.13 (br, 1H), 7.59 (d, J=6.9 Hz, 
1H), 7.22-7.20 (m, 2H), 7.12 -7.09 (m, 5H), 7.05-7.00 (m, 3H), 
6.95-6.87 (m, 2H), 6.41 (d, J=7.6 Hz, 1H), 5.26 (s, 1H), 4.90 (d, 
J=10.9 Hz, 1H), 4.31 (d, J=10.9 Hz, 1H); 
13
C NMR (125MHz, 
CD3OD)  178.5, 175.3, 142.6, 135.7, 135.4, 129.6, 129.3(2C), 129.1, 
128.9, 128.4, 128.0, 127.7, 126.6, 122.6, 110.9, 70.4, 67.9, 63.7, 59.6; HRMS calcd for 
C24H19N2O3 (M-H)
-
: 383.1401, found: m/z 383.1404; []D
19.7
= +75.1 (c=1.0, CH3OH); IR (neat) 
3060, 2924, 1700, 1619, 1471, 1387, 1339 cm
-1
. 
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S3-1. General procedure for the catalytic asymmetric 1,4-addition of 3’-indolyl-3-oxindole 
with nitroethylene (Table 3-3,3-4 ). 
 IAP1 (0.0165 mmol) and Ni(OAc)2•4H2O (0.0075 mmol) were added to a two-necked round 
flask containing a stir bar under Ar. MeOH (1.5 mL) was added to the flask and the mixture was 
stirred for 3 hours. After removal of the solvent under reduced pressure, o-xylene (1.5 mL) was 
added. To the resulting solution, 3’-indolyl-3-oxindole (0.150 mmol) and HFIP (0.300 mmol) 
were added subsequently at rt, then nitroethylene (0.300 mmol) was slowly added over 5 hours 
at -20 ºC. After being stirred for appropriate time, the crude mixture was directly subjected to 
column chromatography to afford the 1,4-adduct. The enantiomeric excesses of the products 
were determined by chiral stationary phase HPLC using a Daicel Chiralcel OD-H, Chiralpak 
AD-H, IA, and Chiralpak IC-3 column. 
3’-indolyl-3-oxindole 1 and nitroethylene 2 were synthesized according to known procedure. 
 
[3] Muthusamy, S.; Gunanathan, C.; Babu, A. S.; Suresh, E.; Dastidar, P. Chem. Commun. 2002, 
824-825. 
[4] Chi, Y.; Guo, Li; Kopf, A. N.; Gellman, H. S. J. Am. Chem. Soc. 2008, 130, 5609-5609. 
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S3-2. Procedure for crystallization of (IAP2)2-Ni complex. 
 IAP2 (0.030 mmol) and Ni(OAc)2•4H2O (0.015 mmol) were added to a round flask containing 
a stir bar under Ar. MeOH (750 μl) was added to the flask and the mixture was stirred for 3 h. 
The solvent was removed under reduced pressure. After dissolving the solid in CH2Cl2 (100 μl), 
MeOH (3 mL) was added for recrystallization. The yellow crystals formed at room temperature 
after standing for 1 day. 
 
S3-3. General procedure for the catalytic asymmetric 1,4-addition of 3’-indolyl-3-oxindole 
with nitroethylene using purely isolated crystalline (IAP2)2-Ni complex. (entry 2 in Table 
3-1 ). IAP2 (0.075 mmol) and Ni(OAc)2•4H2O (0.0375 mmol) were added to a round flask 
containing a stir bar under Ar. MeOH (3.75 mL) was added to the flask and the mixture was 
stirred for 3 h. The solvent was removed under reduced pressure. After dissolving the solid in 
CH2Cl2 (500 μl), MeOH (3 mL) was added for recrystallization. The yellow crystals that formed 
at room temperature after standing for 2 days, were collected by suction, washed with 1 mL of 
MeOH and dried in vacuo to yield (IAP2)2-Ni complex (20.5 mg, 36%). 
The crystalized (IAP2)2-Ni complex was dissolved in CH2Cl2 and transferred to a two-necked 
round flask. After the solvent was removed under reduced pressure, PhMe (1.3 mL) was added. 
To the resulting solution. 3’-indolyl-3-oxindole (0.134 mmol) and HFIP (0.268 mmol) were 
added subsequently at rt, then nitroethylene (0.268 mmol) was slowly added at 0 ºC. After being 
stirred for 3 h, the crude mixture was directly subjected on column chromatography to afford the 
1,4-adduct. The enantiomeric excesses of the products were determined by chiral stationary 
phase HPLC using a Daicel Chiralpak IC-3 column. 
 
S3-4. ESIMS analysis of the catalyst 
·ESI-MS analysis of IAP1:Ni=2:1 in PhMe solution 
IAP1 (0.0165 mmol) and Ni(OAc)2•4H2O (0.0075 mmol) were added to a two-necked round 
flask containing a stir bar under Ar. MeOH (1.5 mL) was added to the flask and the mixture was 
stirred for 3 hours. After removal of the solvent under reduced pressure, PhMe (1.5 mL) was 
added. 100 μL of the resulting mixture was diluted with PhMe (1 mL) in a test tube just before 
injection for the ESI-MS analysis.  
 
·ESIMS analysis of IAP1:Ni=2:1 + 3’-indolyl-3-oxindole (2 equiv) in PhMe solution. 
To the IAP1:Ni = 2:1 complex (0.0075 mmol) in PhMe (1.5 mL), prepared as mentioned above, 
3’-indolyl-3-oxindole 1a (0.015 mmol) was added and resulting solution was stirred for 1 min. 
100 μL of the resulting mixture was diluted with PhMe (1 mL) in a test tube just before 
injection for the ESI-MS analysis. 
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·ESIMS analysis of reaction mixture after the completion of the 1.4-addition 
To the IAP1:Ni = 2:1 complex (0.0075 mmol) in PhMe (1.5 mL), prepared as mentioned 
above, 3’-indolyl-3-oxindole 1a (0.015 mmol), HFIP (0.015 mmol), and nitroethylene (0.030 
mmol) was added and resulting solution was stirred for 1 h. The completion of the reaction was 
monitored by TLC. 100 μL of the resulting mixture was diluted with PhMe (1 mL) in a test tube 
just before injection for the ESI-MS analysis.  
S3-5. Crossover experiment and ESIMS analysis 
·Crossover experiment 1: (IAP1)2-Ni + (IAP2)2-Ni 
(IAP1)2-Ni (0.0075 mmol) and (IAP2)2-Ni (0.0075 mmol) were independently prepared as 
mentioned above. These catalysts dissolved in PhMe (1.5 mL) were mixed in one flask and 
stirred for 24 h. 100 μL of the resulting mixture was diluted with PhMe (1 mL) in a test tube just 
before injection for the ESI-MS analysis. 
 
·Crossover experiment 2: (IAP1)2-Ni + IAP2 
(IAP1)2-Ni (0.0075 mmol) in PhMe (1.5 mL) was treated with 2 equiv of IAP2 (0.015 mmol). 
After the solution was stirred for 24 h, 100 μL of the resulting mixture was diluted with PhMe 
(1 mL) in a test tube just before injection for the ESI-MS analysis. 
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S3-6. Particle size analysis of (IAP1)2-Ni complex 
To gain additional information of IAP-Ni complex in solution phase, particle sizes of 
reaction intermediates were analyzed by Single Nano Particle Size Analyzer IG-1000 plus 
developed by Shimadzu Corporation (The IG-1000 Plus uses the induced grating (IG) method, 
which is based on a new principle for measuring the size of nanoparticles using the phenomenon 
of dielectrophoresis and diffracted light. See ref 19 in main part.). Chem3D models suggest that 
a particle diameter of (IAP)2-Ni complex is 1.5 nm or more (Schme S3-1). Although measuring 
range of IG-1000 Plus is 0.5nm to 200nm and the particle size of (IAP)2-Ni complex is nearly 
detection limit, these experiments were conducted as part of the development of new analytical 
method for organic metal catalyzed reaction. 
 
(IAP)2-Ni complex 
 
 
 
 1.5 nm 
 
 
 
 
 
 
 1.2 nm 
1.4 nm 
 
                    IAP ligand 
 
 
1.1 nm 
 
 
 
  1.0 nm 
   
          1.2 nm 
Schme S3-1. Chem 3D models and particle diameter of (IAP)2-Ni complex 
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The author analyzed the following four samples in methanol: 1. IAP:Ni=2:1 complex,        
2. IAP:Ni=1:1 complex, (3. Iminoester), 4. IAP:Ni=2:1 complex + Iminoester (2 equiv). 
(Compared with 3’-indolyl-3-oxindole 1a, IAP-Ni-iminoester complex is sufficiently stable and 
remain unchanged for over one week in methanol solution. Therefore, iminoester was used as 
model substrate for the analysis.) The particle distribution charts are shown in Fig. S3-1. Each 
measurement was conducted twice.  
Fig S3-1.  Particle size distribution (volume-based). Black; IAP:Ni=2:1 solution, Red; 
IAP:Ni=1:1 solution, Green; IAP:Ni=2:1 solution+Iminoester (2 equiv). 
 
Table S3-1. Summarized data for particle size distribution of samples. 
Sample Median 
diameter (nm) 
Mode 
diameter (nm) 
Average (nm) 
1 (IAP:Ni=2:1 solution) 1.85 1.70 1.86 
2 (IAP:Ni=1:1 solution) 1.31 1.25 1.32 
3(IAP:Ni=2:1 solution 
+ Iminoester
a
) 
1.62 1.55 1.63 
     a Experiment was conducted using benzaldehyde derived 
iminoester. 
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As show in Table S3-1, 1.85 nm size particle was detected from IAP:Ni=2:1 solution 
(entry 1) and IAP:Ni=1:1 solution gave the smaller particle size (entry 2). When iminoester is 
added to (IAP)2-Ni solution, a smaller size particle was observed (entry 3). If (IAP)2-Ni 
complex partially dissociate to accommodate the substrate, larger particle size molecule will be 
detected. In addition to ESI-analysis, this result implies that one IAP-ligand dissociate from 
(IAP)2-Ni complex and the complex accommodate a substrate. 
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S3-7. Analytical data for the chiral mixed 3,3’-bisindole compounds 
 
tert-Butyl (S)-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3a) 
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=5:1) as a white solid. Rf=0.21 
(Hexane: AcOEt=5:1); 
1
H NMR (500MHz, CDCl3) δ 8.00 (d, J=8.3 Hz, 
1H), 7.44-7.40 (m, 1H), 7.32-7.18 (m, 5H), 7.04-7.01 (m, 1H), 6.86 (s, 
1H), 4.43-4.37 (m, 1H), 4.27-4.21 (m, 1H), 3.72 (s, 3H), 3.36-3.30 (m, 
1H), 3.05-2.99 (m, 1H), 1.62 (s, 9H); 
13
C NMR (100MHz, CDCl3) δ 
175.3, 149.1, 139.4, 137.6, 129.3 (2C), 127.8, 125.3, 125.0, 124.2, 122.2, 1204, 119.8, 115.6, 
111.8, 109.7, 84.7, 71.3, 50.8, 33.6, 32.9, 28.0; HRMS calcd for C24H25N3O5Na (M+Na)
+
: 
458.1686, found: m/z 458.1680; Enantiomeric excess was determined by HPLC with a 
Chiralpak IC-3 column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 
13.9, minor enantiomer tr = 17.2 min; [α]D
21
= -140.1 (c=1.0, CHCl3, 90% ee); IR (neat) 2980, 
1764, 1727, 1552, 1287, 1249, 1146, 738 cm
-1
. 
 
tert-Butyl 
(S)-5-bromo-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3b) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=4:1) as a 
white solid. Rf=0.26 (Hexane: AcOEt=4:1); 
1
H NMR (400MHz, 
CDCl3) δ 7.92 (t, J=8.6 Hz, 1H), 7.54 (dd, J=8.8, 2.0 Hz, 1H), 7.38 
(d, J=2.0 Hz, 1H), 7.31-7.28 (m, 2H), 7.24-7.20 (m, 1H), 7.07-7.03 
(m, 1H), 6.90 (s, 1H), 4.44-4.37 (m, 1H), 4.31-4.24 (m, 1H), 3.74 (s, 
3H), 3.35-3.27 (m, 1H), 3.01-2.93 (m, 1H), 1.61 (s, 9H) ; 
13
C NMR (100MHz, CDCl3) δ 174.5, 
148.9, 138.4, 137.6, 132.3, 131.7, 127.6, 127.1, 125.1, 122.3, 120.0 (2C), 118.0, 117.2, 111.1, 
109.8, 85.3, 71.1, 50.7, 33.4, 32.9, 28.0; HRMS calcd for for C24H24N3O5BrNa (M+Na)
+
: 
536.0792, found: m/z 536.0786; Enantiomeric excess was determined by HPLC with a 
Chiralpak IC-3 column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 
12.4 min, minor enantiomer tr = 22.8 min; [α]D
21
= -115.9 (c=1.0, CHCl3, 91% ee); IR (neat) 
2922, 1782, 1727, 1554, 1463, 1299, 1247, 1148, 730 cm
-1
. 
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tert-Butyl 
(S)-5-fluoro-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3c) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=5:1-4:1) as a white 
solid. Rf=0.24 (Hexane: AcOEt=4:1); 
1
H NMR (400MHz, CDCl3) δ 
8.00 (dd, J=9.0, 4.5 Hz, 1H), 7.40-7.20 (m, 3H), 7.11 (ddd, J=8.8, 
2.7 Hz, 1H), 7.06-7.02 (m, 1H), 7.00 (dd, J=7.5, 2.7 Hz, 1H), 6.90 (s, 
1H), 4.44-4.37 (m, 1H), 4.30-4.24 (m, 1H), 3.74 (s, 3H), 3.36-3.29 
(m, 1H), 3.02-2.94 (m, 1H), 1.61 (s, 9H); 
13
C NMR (100MHz, CDCl3) δ174.9, 161.3, 158.8, 
149.1, 137.6, 135.3, 131.4, 131.3, 127.6, 125.2, 122.3, 120.1, 120.0, 117.1, 117.0, 116.1, 115.8, 
111.8, 111.5, 111.2, 109.8, 85.1, 71.1, 51.0, 33.5, 32.3, 28.0; HRMS calcd for for 
C24H24N3O5FNa (M+Na)
+
: 476.1592, found: m/z 476.1586; Enantiomeric excess was 
determined by HPLC with a Chiralpak IA column (80:20:2 hexane: 2-propanol:ethanol, 1.0 
mL/min, 254 nm); major enantiomer tr = 5.3 min, minor enantiomer tr = 7.6 min; [α]D
21
= -70.8 
(c=1.0, CHCl3, 91% ee); IR (neat) 2929, 1729, 1553, 1479, 1295, 1249, 1145, 739 cm
-1
. 
 
tert-Butyl 
(S)-5-methyl-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3d) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
white solid. Rf=0.24 (Hexane: AcOEt=5:1); 
1
H NMR (400MHz, 
CDCl3) δ 7.86 (d, J=8.2 Hz, 1H), 7.29-7.18 (m, 4H), 7.06-7.00 (m, 
2H), 6.90 (s, 1H), 4.43-4.36 (m, 1H), 4.26-4.19 (m, 1H), 3.75 (s, 
3H), 3.35-3.27 (m, 1H), 3.03-2.95 (m, 1H), 2.33 (s, 3H), 1.61 (s, 
9H); 
13
C NMR (125MHz, CDCl3) δ175.5, 149.2, 137.6, 137.0, 134.8, 129.8, 129.4, 127.7, 125.4, 
124.6, 122.1, 120.4, 119.8, 115.3, 112.1, 109.6, 84.6, 71.4, 50.8, 33.7, 32.9, 28.0, 21.1; HRMS 
calcd for for C25H27N3O5Na (M+Na)
+
: 472.1843, found: m/z 472.1843; Enantiomeric excess was 
determined by HPLC with a Chiralpak IC-3 column (93:7 hexane: 2-propanol, 1.0 mL/min, 254 
nm); major enantiomer tr = 39.4 min, minor enantiomer tr = 61.6 min; [α]D
21
= -86.1 (c=1.0, 
CHCl3, 93% ee); IR (neat) 2923, 1754, 1730, 1550, 1151, 744 cm
-1
. 
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tert-Butyl (S)-5-methoxy-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3e) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=4:1) as a 
white solid. Rf=0.23 (Hexane: AcOEt=4:1); 
1
H NMR (500MHz, 
CDCl3) δ 7.92 (d, J=9.2 Hz, 1H), 7.30 (d, J=8.3 Hz, 1H), 7.27 (d, 
J=8.3 Hz, 1H), 7.21-7.18 (m, 1H), 7.03-7.00 (m, 1H), 6.94-6.90 
(m, 2H), 6.82 (d, J=2.6 Hz, 1H) 4.42-4.36 (m, 1H), 4.25-4.20 (m, 
1H), 3.76 (s, 3H), 3.71 (s, 3H), 3.56-3.30 (m, 1H), 3.02-2.96 (m, 1H), 1.61 (s, 9H); 
13
C NMR 
(125MHz, CDCl3) δ 175.4, 157.2, 149.2, 137.6, 132.7, 130.8, 127.7, 125.3, 122.1, 120.3, 119.8, 
116.5, 113.9, 111.9, 110.4, 109.6, 84.6, 71.3, 55.6, 51.1, 33.6, 32.8, 28.0; HRMS calcd for for 
C25H27N3O6Na (M+Na)
+
: 488.1792, found: m/z 488.1789; Enantiomeric excess was determined 
by HPLC with a Chiralpak IA column (70:30 hexane: 2-propanol, 1.0 mL/min, 254 nm); major 
enantiomer tr = 5.9 min, minor enantiomer tr = 13.6 min; [α]D
21
= -120.5 (c=1.0, CHCl3, 93% ee); 
IR (neat) 2931, 1759, 1728, 1551, 1486, 1278, 1249, 1149, 741 cm
-1
. 
 
tert-Butyl (S)-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxo 
-5-(trifluoromethoxy)indoline-1-carboxylate (3f) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=6:1-4:1) 
as a white solid. Rf=0.29 (Hexane: AcOEt=4:1); 
1
H NMR 
(500MHz, CDCl3) δ 8.06 (d, J=8.9 Hz, 1H), 7.32-7.28 (m,  3H), 
7.23-7.20 (m, 1H), 7.16 (s, 1H), 7.07-7.03 (m, 1H), 6.86 (s, 1H), 
4.43-4.38 (m, 1H), 4.32-4.27 (m, 1H), 3.73 (s, 3H), 3.35-3.29 (m, 
1H), 3.04-2.98 (m, 1H), 1.62 (s, 9H); 
13
C NMR (125MHz, CDCl3) δ174.7, 148.9, 146.1, 137.9, 
137.6, 131.2, 127.7, 125.1, 122.4, 122.1, 121.4, 120.10, 120.06, 119.3, 117.5, 116.8, 110.9, 
109.8, 85.3, 71.1, 51.0, 33.5, 32.9, 28.0; HRMS calcd for for C25H24N3O6F3Na (M+Na)
+
: 
542.1509, found: m/z 542.1503; Enantiomeric excess was determined by HPLC with a 
Chiralpak IC-3 column (80:20:2 hexane: 2-propanol:ethanol, 1.0 mL/min, 254 nm); major 
enantiomer tr = 6.5 min, minor enantiomer tr = 7.7 min; [α]D
21
= -73.7 (c=1.0, CHCl3, 88% ee); 
IR (neat) 2927, 1768, 1732, 1556, 1479, 1246, 1215, 1146, 837 cm
-1
. 
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tert-Butyl 
(S)-6-chloro-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3g) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
white solid. Rf=0.19 (Hexane: AcOEt=5:1); 
1
H NMR (400MHz, 
CDCl3) δ 8.08 (t, J=1.1 Hz, 1H), 7.33 (d, J=8.2 Hz, 1H), 7.28 (d, 
J=8.2 Hz, 1H), 7.24-7.19 (m, 3H), 7.07-7.03 (m, 1H), 6.84 (s, 1H), 
4.43-4.35 (m, 1H), 4.28-4.22 (m, 1H), 3.72 (s, 3H), 3.35-3.27 (m, 
1H), 3.04-2.96 (m, 1H), 1.62 (s, 9H); 
13
C NMR (100MHz, CDCl3) δ 174.8, 148.9, 140.3, 137.7, 
135.0, 127.8, 127.7, 125.2, 125.0 (2C), 122.3, 120.2, 120.0, 116.3, 111.3, 109.8, 85.4, 71.2, 50.6, 
33.5, 32.9, 28.0; HRMS calcd for for C24H24N3O5ClNa (M+Na)
+
: 492.1297, found: m/z 
492.1292; Enantiomeric excess was determined by HPLC with a Chiralpak IA column (85:15 
hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 6.4 min, minor enantiomer tr = 
14.0 min; [α]D
21
= -73.4 (c=1.0, CHCl3, 88% ee); IR (neat) 2979, 1766, 1730, 1552, 1284, 1244, 
1144, 740 cm
-1
. 
 
tert-Butyl (S)-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxo-7-(trifluoromethyl)indoline 
-1-carboxylate (3h) 
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=5:1-4:1) as a white solid. 
Rf=0.14 (Hexane: AcOEt=4:1); 
1
H NMR (500MHz, CDCl3) δ 7.65 (dd,  
J=8.0, 0.9 Hz, 1H), 7.42 (d, J=7.5 Hz, 1H), 7.30-7.27 (m, 3H), 
7.23-7.20 (m, 1H), 7.05-7.02 (m, 1H), 6.96 (s, 1H), 4.45-4.41 (m, 1H), 
4.29-4.26 (m, 1H), 3.75 (s, 3H), 3.33-3.31 (m, 1H), 3,05-2.99 (m, 1H), 
1.60 (s, 9H); 
13
C NMR (125MHz, CDCl3) δ175.9, 148.8, 137.6, 136.3, 
132.9, 127.93, 127.89, 127.86, 127.83, 127.7, 127.4, 126.5, 125.1, 124.8, 124.3, 122.4, 122.1, 
120.1, 119.7, 117.0, 116.8, 116.5, 116.3, 86.4. 71.0, 50.1, 33.4, 32.9, 27.5; HRMS calcd for for 
C25H24N3O5F3Na (M+Na)
+
: 526.1560, found: m/z 526.1558; Enantiomeric excess was 
determined by HPLC with a Chiralpak IC-3 column (80:20 hexane: 2-propanol, 1.0 mL/min, 
254 nm); major enantiomer tr = 12.1 min, minor enantiomer tr = 14.6 min; [α]D
20
= +27.1 (c=0.5, 
CHCl3, 44% ee); IR (neat) 2983, 1793, 1753, 1556, 1448, 1326, 1252, 1139, 1103, 740 cm
-1
. 
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Methyl (S)-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3i) 
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=4:1-3:1) as a white solid. 
Rf=0.25 (Hexane: AcOEt=3:1); 
1
H NMR (500MHz, CDCl3) δ 8.08 (d, 
J=8.3 Hz, 1H), 7.46-7.44 (m, 1H), 7.39 (d, J=8.0 Hz, 1H), 7.32-7.21 (m, 
4H), 7.06-7.03 (m, 1H), 6.82 (s, 1H), 4.43-4.38 (m, 1H), 4.27-4.21 (m, 
1H), 3.99 (s, 3H), 3.71 (s,3H), 3.40-3.34 (m, 1H), 3.07-3.01 (m, 1H); 
13
C NMR (125MHz, CDCl3) δ 175.2, 151.4, 139.0, 137.7, 129.5, 129.3, 127.8, 125.4, 125.2, 
124.2, 122.3, 120.3, 120.0, 115.6, 111.6, 109.7, 71.3, 54.0, 51.0, 33.5, 32.9; HRMS calcd for for 
C21H19N3O5Na (M+Na)
+
: 416.1217, found: m/z 416.1208; Enantiomeric excess was determined 
by HPLC with a Chiralpak IA column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major 
enantiomer tr = 11.9 min, minor enantiomer tr = 23.2 min; [α]D
21
= -135.6 (c=1.0, CHCl3, 82% 
ee); IR (neat) 2924, 1764, 1736, 1551, 1286, 1239, 740 cm
-1
. 
 
Benzyl (S)-3-(1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3j) 
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=4:1) as a white solid. Rf=0.26 
(Hexane: AcOEt=4:1); 
1
H NMR (500MHz, CDCl3) δ 8.04 (d, J=8.0 Hz, 
1H), 7.47 (d, J=7.2 Hz, 2H), 7.43-7.40 (m, 1H), 7.37-7.17 (m, 8H), 
7.02-6.99 (m, 1H), 6.84 (s, 1H), 5.41 (dd, J=12.3, 10.1 Hz, 2H), 
4.41-4.36 (m, 1H), 4.25-4.19 (m, 1H), 3.68 (s, 3H), 3.36-3.30 (m, 1H), 
3.06-3.00 (m, 1H),; 
13
C NMR (125MHz, CDCl3) δ 175.1, 150.7, 138.9, 137.6, 134.6, 129.5, 
129.4, 128.6, 128.5, 128.1, 127.8, 125.3, 125.2, 124.2, 122.2, 120.3, 119.9, 115.7, 111.6, 109.7, 
71.3, 68.8. 50.9, 33.5, 32.9; HRMS calcd for for C27H23N3O5Na (M+Na)
+
: 492.1530, found: m/z 
492.1523; Enantiomeric excess was determined by HPLC with a Chiralpak IA column (80:20 
hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 10.3 min, minor enantiomer tr 
= 24.2 min; [α]D
21
= -90.1 (c=1.0, CHCl3, 82% ee); IR (neat) 2970, 1768, 1732, 1552, 1285, 
1230, 1155, 1072, 745 cm
-1
. 
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tert-Butyl (S)-3-(1,4-dimethyl-1H-indol-3-yl)-5-methyl-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3k) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=5:1) as a 
white solid. Rf=0.21 (Hexane: AcOEt=5:1); 
1
H NMR (400MHz, 
CDCl3) δ 7.79 (d, J=7.7 Hz, 1H), 7.33 (s, 1H), 7.14 (d, J=8.4 Hz, 
2H), 7.08-7.05 (m, 1H), 6.74-6.70 (m, 2H), 4.58-4.51 (m, 1H), 
4.26-4.19 (m, 1H), 3.80 (s, 3H), 3.16-3.09 (m, 1H), 2.91-2.85 (m, 
1H), 2.23 (s, 3H), 1.87 (s, 3H), 1.65 (s, 9H); 
13
C NMR (100MHz, CDCl3) δ 177.3, 149.2, 138.5, 
136.4, 135.1, 132.5, 130.3, 129.6, 129.0, 124.8, 124.3, 122.2, 122.1, 115.3, 111.4, 107.4, 84.7, 
71.3, 50.8, 36.7, 33.2, 28.0, 21.0, 20.0; HRMS calcd for for C26H29N3O5Na (M+Na)
+
: 486.1999, 
found: m/z 486.1996; Enantiomeric excess was determined by HPLC with a Chiralpak IC-3 
column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 16.0 min, 
minor enantiomer tr = 31.0 min; [α]D
20
= -13.0 (c=1.0, CHCl3, 81% ee); IR (neat) 2973, 1763, 
1729, 1555, 1485, 1246, 1148, 1118, 739 cm
-1
. 
 
tert-Butyl (S)-3-(1,5-dimethyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate 
(3l) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=5:1) as a white solid. 
Rf=0.20 (Hexane: AcOEt=5:1-4:1); 
1
H NMR (500MHz, CDCl3) δ 
7.98 (d, J=8.3 Hz, 1H), 7.43-7.40 (m, 1H), 7.30-7.29 (m, 1H), 
7.24-7.15 (m, 3H), 7.04-7.02 (m, 1H), 6.76 (s, 1H), 4.44-4.38 (m, 1H), 
4.27-4.22 (m, 1H), 3.68 (s, 3H), 3.35-3.30 (m, 1H), 3.04-2.98 (m, 1H), 
2.37 (s, 3H), 1.62 (s, 9H); 
13
C NMR (125MHz, CDCl3) δ175.4, 149.2, 139.4, 136.1, 129.5, 
129.2, 129.1, 127.8, 125.6, 124.9, 124.2, 123.9, 120.2, 115.5, 111.3, 109.4, 84.8, 71.4, 50.9, 
33.6, 32.9, 28.0, 21.6; HRMS calcd for for C25H27N3O5Na (M+Na)
+
: 472.1843, found: m/z 
472.1839; Enantiomeric excess was determined by HPLC with a Chiralpak IA column (80:20 
hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 5.4 min, minor enantiomer tr = 
9.7 min; [α]D
21
= -98.6 (c=0.5, CHCl3, 82% ee); IR (neat) 2923, 1753, 1729, 1556, 1292, 1144, 
758 cm
-1
. 
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tert-Butyl 
(S)-3-(5-bromo-1-methyl-1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3m) 
According to the general procedure, the title compound was obtained 
by column chromatography (Hexane: AcOEt=5:1-3:1) as a white solid. 
Rf=0.34 (Hexane: AcOEt=3:1); 
1
H NMR (400MHz, CDCl3) δ 7.98 (d, 
J=8.4 Hz, 1H), 7.47-7.42 (m, 2H), 7.27-7.25 (m, 3H), 7.13 (d, J=8.6 
Hz, 1H), 6.84 (s, 1H), 4.41-4.35 (m, 1H), 4.22-4.15 (m, 1H), 3.70 (s, 
3H), 3.33-3.25 (m, 1H), 3.02-2.95 (m, 1H), 1.64 (s, 9H); 
13
C NMR 
(100MHz, CDCl3) δ 175.1, 148.9, 139.4, 136.3, 129.5, 128.8, 128.7, 126.8, 125.2, 125.0, 124.1, 
123.1, 115.7, 113.4, 111.7, 111.1, 85.1, 71.2, 50.7, 33.6, 33.1, 28.0; HRMS calcd for for 
C24H24N3O5BrNa (M+Na)
+
: 536.0792, found: m/z 536.0790; Enantiomeric excess was 
determined by HPLC with a Chiralpak IA column (85:15 hexane: 2-propanol, 1.0 mL/min, 254 
nm); major enantiomer tr = 7.1 min, minor enantiomer tr = 16.2 min; [α]D
21
= -101.5 (c=0.5, 
CHCl3,78% ee); IR (neat) 2978, 1755, 1734, 1551, 1346, 1290, 1251, 1145, 751 cm
-1
. 
 
tert-Butyl (S)-3-(1,6-dimethyl-1H-indol-3-yl)-5-methyl-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3n) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=7:1-5:1) as 
a white solid. Rf=0.17 (Hexane: AcOEt=7:1); 
1
H NMR (500MHz, 
CDCl3) δ 7.86 (d, J=8.3 Hz, 1H), 7.20 (dd, J=8.3, 0.9 Hz, 1H), 
7.15 (d, J=8.3 Hz, 1H), 7.06 (s, 2H), 6.86 (d, J=8.3 Hz, 1H), 6.81 
(s, 1H), 4.40-4.37 (m, 1H), 4.26-4.20 (m, 1H), 3.68 (s, 3H), 
3.32-3.26 (m, 1H), 3.01-2.95 (m, 1H), 2.43 (s, 3H), 2.33 (s, 3H), 
1.61 (s, 9H); 
13
C NMR (125MHz, CDCl3) δ175.5, 149.2, 138.0, 137.0, 134.7, 132.0, 129.7, 
129.4, 127.1, 124.6, 123.2, 121.6, 120.0, 115.2, 111.9, 109.5, 84.6, 71.4, 50.8, 33.6, 32.8, 28.0, 
21.6, 21.1; HRMS calcd for for C26H29N3O5Na (M+Na)
+
: 486.1999, found: m/z 486.1997; 
Enantiomeric excess was determined by HPLC with a Chiralpak IA column (80:20 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 4.5 min, minor enantiomer tr = 7.8 
min; [α]D
21
= -110.4 (c=1.0, CHCl3, 92% ee); IR (neat) 2925, 1752, 1730, 1550, 1341, 1285, 
1250, 1148, 1116, 808 cm
-1
. 
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tert-Butyl (S)-3-(1,7-dimethyl-1H-indol-3-yl)-5-methyl-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3o) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=6:1-4:1) as 
a white solid. Rf=0.23 (Hexane: AcOEt=5:1); 
1
H NMR (500MHz, 
CDCl3) δ 7.86 (d, J=8.6 Hz, 1H), 7.19 (dd, J=8.3, 1.2 Hz 1H), 
7.03-7.02 (m, 2H), 6.89-6.82 (m, 3H), 4.42-4.36 (m, 1H), 
4.24-4.19 (m, 1H), 4.00 (s, 3H), 3.31-3.25 (m, 1H), 3.00-2.93 (m, 
1H), 2.71 (s, 3H), 2.31 (s, 3H), 1.61 (s, 9H); 
13
C NMR (125MHz, 
CDCl3) δ175.5, 149.2, 136.9, 136.2, 134.8, 129.7, 129.42, 129.36, 126.4, 124.8, 124.5, 121.6, 
120.0, 118.2, 115.3, 111.6, 84.6, 71.3, 50.6, 37.0, 33.6, 28.0, 21.1, 19.8; HRMS calcd for for 
C26H29N3O5Na (M+Na)
+
: 486.1999, found: m/z 486.1996; Enantiomeric excess was determined 
by HPLC with a Chiralpak IC-3 column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); 
major enantiomer tr = 16.3 min, minor enantiomer tr = 20.9 min; [α]D
21
= -89.3 (c=1.0, CHCl3, 
95% ee); IR (neat) 2924, 1780, 1560, 1304, 1247, 1147, 742 cm
-1
. 
 
tert-Butyl (S)-3-(7-chloro-1-methyl-1H-indol-3-yl)-5-methyl-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3p) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=7:1) as a 
white solid. Rf=0.21 (Hexane: AcOEt=7:1); 
1
H NMR (500MHz, 
CDCl3) δ 7.86 (d, J=8.3 Hz, 1H), 7.22-7.20 (m, 1H), 7.12-7.10 (m, 
2H), 7.01 (s, 1H), 6.88-6.85 (m, 2H), 4.41-4.35 (m, 1H), 4.21-4.16 
(m, 1H), 4.09 (s, 3H), 3.30-3.25 (m, 1H), 3.00-2.94 (m, 1H), 2.33 
(s, 3H). 1.62 (s, 9H); 
13
C NMR (125MHz, CDCl3) δ175.2, 149.0, 
136.9, 134.9, 132.9, 130.5, 130.0, 128.9, 128.4, 124.5, 123.7, 120.6, 119.0, 117.3, 115.4, 112.2, 
84.8, 71.2, 50.6, 37.1, 33.6, 28.0, 21.1; HRMS calcd for for C25H26N3O5ClNa (M+Na)
+
: 
506.1453, found: m/z 506.1453; Enantiomeric excess was determined by HPLC with a 
Chiralpak IC-3 column (80:20 hexane: 2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 
9.6 min, minor enantiomer tr = 12.4 min; [α]D
21
= -102.0 (c=1.0, CHCl3, 91% ee); IR (neat) 2923, 
1780, 1304, 2346, 1146, 731 cm
-1
. 
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tert-Butyl (S)-3-(7-iodo-1-methyl-1H-indol-3-yl)-5-methyl-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3q) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=8:1-5:1) as 
a white solid. Rf=0.24 (Hexane: AcOEt=7:1); 
1
H NMR (500MHz, 
CDCl3) δ 7.86 (d, J=8.4 Hz, 1H), 7.64 (d, J=7.5 Hz, 1H), 7.25-7.18 
(m, 2H), 7.00 (s, 1H), 6.89 (s, 1H), 6.67-6.63 (m, 1H), 4.41-4.34 
(m, 1H), 4.21-4.12 (m, 1H), 4.12 (s, 3H), 3.29-3.23 (m, 1H), 
3.00-2.92 (m, 1H), 2.33 (s, 3H), 1.61 (s, 9H); 
13
C NMR (125MHz, 
CDCl3) δ 175.4, 149.2, 137.1, 136.5, 135.1, 134.9, 131.2, 130.1, 129.1, 127.9, 124.6, 121.7, 
120.6, 115.5, 111.6, 85.0, 73.3, 71.3, 50.6, 37.4, 33.7, 28.2, 21.3; HRMS calcd for for 
C25H26N3O5INa (M+Na)
+
: 598.0809 found: m/z 598.0804; Enantiomeric excess was determined 
by HPLC with a Chiralpak IA column (85:15 hexane: 2-propanol, 1.0 mL/min, 254 nm); major 
enantiomer tr = 6.0 min, minor enantiomer tr = 15.8 min; [α]D
21
= -73.0 (c=1.0, CHCl3, 92% ee); 
IR (neat) 2923, 1778, 1556, 1303, 1249, 1144, 1116, 734 cm
-1
. 
 
tert-Butyl (S)-3-(1-(tert-butoxycarbonyl)-3-(2-nitroethyl)-2-oxoindolin-3-yl)-1H-indole 
-1-carboxylate (3r) 
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=10:1-6:1) as a yellow solid. 
Rf=0.36 (Hexane: AcOEt=7:1); 
1
H NMR (500MHz, CDCl3) δ 8.12 (d, 
J=8.0 Hz, 1H), 8.01 (d, J=8.0 Hz, 1H), 7.52 (s, 1H), 7.46-7.42 (m, 1H), 
7.29-7.09 (m, 5H), 4.42-4.37 (m, 1H), 4.22-4.16 (m, 1H), 3.34-3.28 (m, 
1H), 3.06-3.00 (m, 1H), 1.67 (s, 9H), 1.63 (s, 9H); 
13
C NMR (125MHz, 
CDCl3) δ174.6, 149.3, 148.9, 139.5, 135.9, 129.7, 128.2, 127.5, 125.3, 124.8, 124.7, 124.1, 
123.0, 120.3, 118.2, 115.7, 115.4, 85.2, 84.4, 71.0, 50.6, 33.4, 28.1, 28.0,; HRMS calcd for for 
C28H31N3O7Na (M+Na)
+
: 544.2054, found: m/z 544.2050; Enantiomeric excess was determined 
by HPLC with a Chiralcel OD-H column (97:3 hexane: 2-propanol, 0.7 mL/min, 254 nm); 
major enantiomer tr = 27.9 min, minor enantiomer tr = 36.4 min; [α]D
21
= -54.0 (c=1.0, CHCl3, 
87% ee); IR (neat) 2986, 2901, 1766, 1731, 1556, 1478, 1370, 1248, 1145, 1099, 736 cm
-1
. 
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tert-Butyl (S)-3-(1H-indol-3-yl)-3-(2-nitroethyl)-2-oxoindoline-1-carboxylate (3s) 
According to the general procedure, the title compound was obtained by 
column chromatography (Hexane: AcOEt=4:1 – 3:1) as a yellow solid. 
Rf=0.21 (Hexane: AcOEt=3:1); 
1
H NMR (500MHz, CDCl3) δ 8.30 (br, 
1H), 7.99 (d, J=8.3 Hz, 1H), 7.43-7.40 (m, 1H), 7.33-7.31 (m, 2H), 
7.27-7.26 (m, 1H), 7.22-7.21 (m, 1H), 7.17-7.14 (m, 1H), 7.04-7.00 (m, 
2H), 4.44-4.38 (m, 1H), 4.27-4.21 (m, 1H), 3.36-3.30 (m, 1H), 
3.06-3.00 (m, 1H), 1.63 (s, 9H); 
13
C NMR (125MHz, CDCl3) δ175.4, 149.1, 139.4, 136.9, 129.4, 
129.3, 125.0, 124.8, 124.2, 123.2, 122.6, 120.3 (2C), 115.6, 113.6, 111.6, 85.0, 71.4, 50.9, 33.7, 
28.0; HRMS calcd for for C23H23N3O5Na (M+Na)
+
: 444.1530, found: m/z 444.1526; 
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (90:10 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 22.4 min, minor enantiomer tr = 26.1 
min; [α]D
21
= -96.6 (c=0.5, CHCl3, 89% ee); IR (neat) 3351, 2980, 1779,, 1731, 1247, 1144, 735 
cm
-1
. 
 
tert-Butyl (R)-3-(5-ethyl-1-methyl-1H-pyrrol-2-yl)-5-methyl-3-(2-nitroethyl)-2-oxoindoline 
-1-carboxylate (3t) 
According to the general procedure, the title compound was 
obtained by column chromatography (Hexane: AcOEt=10:1) as a 
yellow solid. Rf=0.31 (Hexane: AcOEt=7:1); 
1
H NMR (500MHz, 
CDCl3) δ 7.76 (d, J=8.3 Hz, 1H), 7.16 (dd, J=8.3, 1.2 Hz, 1H), 
6.84 (s, 1H), 6,26 (d, J=3.7 Hz, 1H), 5.90 (d, J=3.7 Hz, 1H), 
4.54-4.48 (m, 1H), 4.34-4.28 (m, 1H), 3.09-3.03 (m ,1H), 2.90 (s, 
3H), 2.82-2.76 (m, 1H), 2.42 (q, J=7.5 Hz, 2H), 2.30 (s, 3H), 1.65 
(s, 9H), 1.20 (t, J=7.5 Hz, 3H); 
13
C NMR (125MHz, CDCl3) δ175.2, 148.9, 137.4, 136.2, 135.3, 
129.8, 129.1, 127.4, 124.3, 115.1, 108.2, 103.6, 85.0, 70.9, 51.1, 34.7, 30.3, 28.0, 21.0, 19.9, 
12.2; HRMS calcd for for C23H29N3O5Na (M+Na)
+
: 450.1999, found: m/z 450.1996; 
Enantiomeric excess was determined by HPLC with a Chiralpak IC-3 column (90:10 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 18.3 min, minor enantiomer tr = 23.4 
min; [α]D
20
= -3.9 (c=0.5, CHCl3, 84% ee); IR (neat) 2925, 1767, 1731, 1552, 1333, 1294, 1278, 
1247, 1149, 1112, 825 cm
-1
. 
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S3-8. General procedure for chemical transformation of 1,4-adduct 3a 
Deprotection of 3a:TFA (2 mL) was added to a mixture of 3a (138 mg, 
0.380 mmol) and chloroform (2 mL). After being stirred for 1 h at 40  C, 
the reaction mixture was concentrated under reduced pressure and 
azeotroped with PhMe. Short column chromatography 
(Hex:AcOEt=2:1) gave the product as white solid (134 mg, obtained as 
mixture with small amount of side product). Rf=0.21 (Hexane: 
AcOEt=2:1). 
Conversion of the nitro groups into methyl carbamates: The method described in ref 10d 
was slightly modified. To a stirred solution of the deprotected 1,4-adduct (<0.380 mmol,) and 
NiCl2･6H2O (270 mg, 1.14 mmol) in MeOH (5 mL) and dimethyl dicarbonate (5 mL), NaBH4 
(359 mg, 9.5 mmol) was added in portion at 0 ºC. After being stirred at 0 ºC for 12 h, the 
reaction mixture was quenched by an addition of sat. NH4Cl solution. The organic layer was 
extracted with AcOEt, and the combined organic layers were dried over anhydrous Na2SO4. 
After removal of Na2SO4 by a filtration, the solution was concentrated under reduced pressure. 
Short column chromatography (Hex:AcOEt=2:3) gave the methyl carbamate as white solid (114 
mg, obtained as mixture with small amount side product). Rf=0.22 (Hexane: AcOEt=2:3). 
Reductive cyclization using LiAlH4: To a stirred solution of the methyl carbamate (<0.313 
mmol,) in THF (7.8 mL), LiAlH4 (2.0 M in THF, 783 l, 1.57 mmol) were added at rt. After 
being stirred at 60 ºC for 3 h, the reaction mixture was diluted by AcOEt (16 mL) and quenched 
by sat. NaHCO3 solution (16 mL). The organic layer was extracted with AcOEt, and the 
combined organic layers were dried over anhydrous Na2SO4. After removal of Na2SO4 by a 
filtration, the solution was concentrated under reduced pressure. Column chromatography 
(CHCl3:MeOH=20:1) gave the the product as white solid (68.4 mg, 0.225 mmol, Three steps 
59% yield). Rf=0.29 (CHCl3:MeOH=15:1). 
1
H NMR (500MHz, CDCl3) δ 7.45 (d, J=8.0 Hz, 1H), 7.26 (d, J=6.9 Hz, 1H), 7.18 (dd, J=8.0, 
7.2 Hz, 1H), 7.09-7.06 (m, 2H), 7.00 (dd, J=8.0, 6.9 Hz, 1H), 6.84 (s, 1H), 6.72-6.68 (m, 2H),  
4.90 (s, 1H), 4.31 (br, 1H), 3.70 (s, 3H), 2.98-2.95 (m, 1H), 2.94-2.86 (m, 1H), 2.84-2.77 
(m,1H), 2.49 (s, 3H), 2.31-2.27 (m, 1H); 
13
C NMR (125MHz, CDCl3) δ149.9, 137.9, 135.3, 
127.7, 126.4, 126.1, 124.5, 121.5, 120.3, 119.8, 118.8, 118.7, 109.3, 109.0, 89.0, 56.9, 52.3, 
39.2, 36.8, 32.5; HRMS calcd for for C20H22N3 (M+H)
+
: 304.1808, found: m/z 304.1807; 
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (70:30 hexane: 
2-propanol, 1.0 mL/min, 254 nm); major enantiomer tr = 5.3 min, minor enantiomer tr = 21.1 
min; [α]D
21
= +20.3 (c=1.0, CHCl3, 92% ee). 
  
87 
 
S3-9. Optimization of reaction conditions 
 
  
88 
 
 
 
  
89 
 
Chapter 4: Contents 
S4-1. General procedure for the catalytic asymmetric cyclopropanation with diazooxindole 
S4-2 Analytical data for spiro cyclopropyloxindoles 
 
 
S4-1. General procedure for the catalytic asymmetric cyclopropanation with 
diazooxindole (Table 4-2, entry 5)  
 Rh2(S-PTTL)4 (0.0015 mmol, 2.1 mg) was added to a two-necked round flask containing a stir 
bar under Ar. CH2Cl2 (0.5 mL) and styrene (0.75 mmol) were added to the flask at 0 °C. 
Diazooxindole (0.15 mmol) in CH2Cl2 (2.0 mL) was slowly added over 3 h. After being stirred 
for additional 30 min, the solvent was removed under reduced pressure and the diastereomeric 
ratio was determined by 
1
H NMR measurement. The resulting crude mixture was purified by 
column chromatography to afford cycloadduct. The enantiomeric excesses of the products were 
determined by chiral stationary phase HPLC using a Daicel Chiralpak AD-H column. 
 
General procedure for the catalytic asymmetric cyclopropanation with diazooxindole 
(Table 4-2, entry 6)  
 Rh2(S-PTTL)4 (0.0015 mmol, 2.1 mg) was added to a two-necked round flask containing a stir 
bar under Ar. CH2Cl2 (0.5 mL) was added to the flask. Styrene (0.75 mmol) and Diazooxindole 
(0.15 mmol) in CH2Cl2 (2.0 mL) were added subsequently at 0 °C. After being stirred for 1 h, 
the solvent was removed under reduced pressure and the diastereomeric ratio was determined by 
1
H NMR measurement. The resulting crude mixture was purified by column chromatography to 
afford cycloadduct. The enantiomeric excesses of the products were determined by chiral 
stationary phase HPLC using a Daicel Chiralpak AD-H column. 
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S4-2. Analytical data for spiro cyclopropyloxindoles 
 
2-phenylspiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title compound 
was obtained by column chromatography (Hexane: AcOEt=2:1- 0:1) as a 
white solid. Rf=0.21 (Hexane: AcOEt=3:1, mixture with trans and cis isomer); 
1
H NMR (500MHz, CDCl3)  9.39 (br, 1H), 7.30-7.19 (m, 5H), 7.08 (t, J=7.7 
Hz, 1H), 6.96 (d, J=7.5 Hz, 1H), 6.66 (m, 1H), 5.95 (d, J=7.5 Hz, 1H), 3.36 (t, 
J=8.6 Hz, 1H), 2.24-2.21 (m ,1H), 2.04-2.02 (m, 1H); 
13
C NMR (125MHz, CDCl3)  179.1, 
141.1, 134.9, 130.0, 128.3, 127.9, 127.4, 126.5, 121.4, 120.9, 109.7, 36.1, 33.7, 22.6; HRMS 
calcd for C16H12NO (M-H)
-
: 234.0924, found: m/z 234.0928; Enantiomeric excess was 
determined by HPLC with a Chiralpak AD-H column (70:30 hexane: 2-propanol, 1.0 mL/min, 
254 nm); minor enantiomer tr = 5.1 min, major enantiomer tr = 6.3 min; []D
25.3
= +104.3 (c=1.0, 
CHCl3, 98/2 dr, 66% ee); IR (neat) 2922, 1704, 1619, 1467, 1218 cm
-1
. 
 
2-(4-chlorophenyl)spiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title 
compound was obtained by column chromatography (Hexane: AcOEt=4:1- 
2:1) as a white solid. Rf=0.24 (Hexane: AcOEt=3:1, trans isomer) and 
Rf=0.30 (Hexane: AcOEt=3:1, cis isomer); 
1
H NMR (500MHz, CDCl3) 
9.44 (br, 1H), 7.27-7.25 (m, 2H), 7.13-7.09 (m,3H), 6.98 (d, J=7.5 Hz, 
1H),  6.70 (ddd, J=7.7, 0.9 Hz, 1H), 5.96 (d, J=7.5Hz, 1H), 3.29 (t, J=8.9 
Hz, 1H), 2.26 (dd, J=9.2, 4.9 Hz, 1H), 1.96 (dd, J=7.9, 4.9 Hz, 1H); 
13
C NMR (125MHz, 
CDCl3) 178.9, 141.1, 133.5, 133.3, 131.3, 128.6, 127.4, 126.8, 121.5, 120.9, 109.9, 35.2, 33.7, 
22.5; HRMS calcd for C16H11NOCl (M-H)
-
: 268.0535, found: m/z 268.0534;  Enantiomeric 
excess was determined by HPLC with a Chiralpak AD-H column (70:30 hexane: 2-propanol, 
0.7 mL/min, 254 nm); minor enantiomer tr = 7.7 min, major enantiomer tr = 8.5 min; []D
25.4
= 
+127.5 (c=1.0, CHCl3, >99/1 dr, 65% ee); IR (neat) 3315, 1709, 1620, 1469, 1210 cm
-1
. 
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2-(3-chlorophenyl)spiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title compound 
was obtained by column chromatography (Hexane: AcOEt=4:1- 2:1) as a 
white solid. Rf=0.18 (Hexane: AcOEt=3:1, trans isomer) and Rf=0.30 (Hexane: 
AcOEt=3:1, cis isomer); 
1
H NMR (500MHz, CDCl3) 8.80 (br, 1H), 
7.27-7.20 (m, 3H),  7.12 (ddd, J=7.7, 1.1 Hz, 1H), 7.07-7.04 (m, 1H), 6.96 (d, 
J=7.7 Hz, 1H), 6.71 (ddd, J=7.7, 1.1 Hz, 1H), 3.30 (t, J=8.7 Hz, 1H), 2.22 (dd, 
J=9.0, 4.8 Hz, 1H), 1.99 (dd, J=8.0, 4.6 Hz, 1H); 
13
C NMR (125MHz, CDCl3) 

; HRMS calcd for C16H11NOCl (M-H)
-
: 268.0535, found: m/z 268.0547;  
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (70:30 hexane: 
2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 4.7 min, major enantiomer tr = 5.7 
min; []D
23.0
= +102.8 (c=1.0, CHCl3, >99/1 dr, 60% ee); IR (neat) 3202, 1703, 1597, 1467, 
1221 cm
-1
. 
 
2-(2-chlorophenyl)spiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title compound 
was obtained by column chromatography (Hexane: AcOEt=3:1) as a white 
solid. Rf=0.24 (Hexane: AcOEt=3:1, mixture with trans and cis isomer); ); 
1
H 
NMR (500MHz, CDCl3) 9.25 (br, 1H), 7.46-7.44 (m, 1H), 7.34-7.22 (m, 3H), 
7.09 (ddd, J=7.7, 1.1 Hz, 1H), 6.95 (d, J=7.7 Hz, 1H), 6.62 (ddd, J=7.7, 1.1 Hz, 
1H), 3.24 (t, J=8.7 Hz, 1H), 2.30 (dd, J=8.9, 4.8 Hz, 1H), 2.03 (dd, J=8.0, 4.8 
Hz, 1H); 
13
C NMR (125MHz, CDCl3) 

; HRMS calcd for C16H11NOCl (M-H)
-
: 268.0535, found: m/z 268.0544;  
Enantiomeric excess was determined by HPLC with a Chiralcel OD-H column (95:5 hexane: 
2-propanol, 0.5 mL/min, 254 nm); minor enantiomer tr = 16.1 min, major enantiomer tr = 29.3 
min; []D
22.8
= +59.3 (c=1.0, CHCl3, 96/4 dr, 66% ee); IR (neat) 2922, 1697, 1620, 1468, 1321, 
1214 cm
-1
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2-(4-fluorophenyl)spiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title compound 
was obtained by column chromatography (Hexane: AcOEt=4:1- 2:1) as a 
white solid. Rf=0.24 (Hexane: AcOEt=3:1, trans isomer) and Rf=0.30 
(Hexane: AcOEt=3:1, cis isomer); ); 
1
H NMR (500MHz, CDCl3)  9.52 (br, 
1H), 7.15-7.10 (m, 3H), 7.00-6.95 (m, 3H), 6.69 (ddd, J=7.5, 0.9 Hz, 1H), 
5.92 (t, J=7.5 Hz, 1H),  3.30 (d, J=8.6 Hz, 1H), 2.23 (dd, J=9.2, 4.6 Hz, 1H), 
1.97 (dd, J=7.9, 4.6 Hz, 1H); 
13
C NMR (125MHz, CDCl3) 179.1, 163.0, 
161.0, 141.1, 131.6, 131.5,  130.8, 130.7, 127.6, 126.7, 121.5, 120.9, 115.4, 115.2, 109.9, 35.2, 
33.7, 22.8; HRMS calcd for C16H12NOF (M-H)
-
: 252.0830, found: m/z 252.0834;  
Enantiomeric excess was determined by HPLC with a Chiralpak AD-H column (90:10 Hexane: 
2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 9.4 min, major enantiomer tr = 12.9 
min; []D
25.5
= +81.5 (c=0.5, CHCl3, >99/1 dr, 64% ee); 
 
2-(p-tolyl)spiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title 
compound was obtained by column chromatography (Hexane: AcOEt=3:1- 
2:1) as a white solid. Rf=0.28 (Hexane: AcOEt=3:1, trans isomer) and 
Rf=0.36 (Hexane: AcOEt=3:1, cis isomer); ); 
1
H NMR (500MHz, CDCl3)  
9.08 (br,1H), 7.11-7.07 (m, 5H), 6.95 (d, J=7.7 Hz, 1H), 6.68 (ddd, J=7.5, 
0.9 Hz, 1H), 5.99 (d, J=7.5 Hz, 1H), 3.32 (t, J=8.6 Hz, 1H), 2.33 (t, 3H),  
2.20 (dd, J=9.2, 4.6 Hz, 1H), 2.00 (dd, J=8.0, 4.6Hz, 1H); 
13
C NMR 
(125MHz, CDCl3) 179.0, 141.0, 137.1, 131.8, 129.7, 129.1, 128.0, 126.5, 121.4, 121.0, 109.6, 
36.0, 33.7, 22.7, 21.1; HRMS calcd for C17H14NO (M-H)
-
: 248.1081, found: m/z 248.1086; 
Enantiomeric excess was determined by HPLC with a Chiralpak OD-H column (80:20 hexane: 
2-propanol, 0.5 mL/min, 254 nm); minor enantiomer tr =9.4 min, major enantiomer tr = 10.4 
min; []D
25.6
= +117.8 (c=1.0, CHCl3, >99/1 dr, 62% ee); ; IR (neat) 3320, 1701, 1620, 1468, 
1215 cm
-1
. 
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2-(4-methoxyphenyl)spiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title 
compound was obtained by column chromatography (Hexane: 
AcOEt=2:1- 0:1) as a white solid. Rf=0.21 (Hexane: AcOEt=3:1, mixture 
with trans and cis isomer); ); 
1
H NMR (500MHz, CDCl3) 8.91 (br, 1H), 
7.12-7.07 (m, 3H), 6.94 (d, J=7.7 Hz, 1H), 6.84-6.81 (m, 2H), 6.68 (ddd, 
J=7.6, 1.2 Hz, 1H), 5.97 (d, J=7.5 Hz, 1H), 3.79 (s, 3H), 3.29 (t, J=8.6 Hz, 
1H), 2.20 (dd, J=9.2, 4.6 Hz, 1H), 1.97 (dd, J=8.0, 4.6 Hz, 1H); 
13
C NMR 
(125MHz, CDCl3) 178.9, 158.8, 140.9, 131.0, 128.0, 127.0, 126.4, 121.4, 121.0, 113.8, 110.0, 
55.2, 35.6, 33.8, 23.0; HRMS calcd for C17H14NO2 (M-H)
-
: 264.1030, found: m/z 264.1032; 
Enantiomeric excess was determined by HPLC with a Chiralpak IC-3 column (90:10 hexane: 
2-propanol, 1.0 mL/min, 254 nm); minor enantiomer tr = 14.2 min, major enantiomer tr = 15.9 
min; []D
25.6
= +66.9 (c=0.5, CHCl3, 93/7dr, 48% ee); IR (neat) 3202, 1696, 1619, 1511, 1468, 
1221 cm
-1
. 
 
2-propylspiro[cyclopropane-1,3'-indolin]-2'-one 
According to the general procedure for entry 6 of Table 2, the title compound 
was obtained by column chromatography (Hexane: AcOEt=2:1- 0:1) as a clear 
oil. Rf=0.33 (Hexane: AcOEt=3:1, trans isomer) and Rf=0.39 (Hexane: 
AcOEt=3:1, cis isomer); ); 
1
H NMR (500MHz, CDCl3) 8.90 (br, 1H), 
7.21-7.17 (m, 1H), 7.00-6.93 (m, 3H), 1.97-1.93 (m, 2H), 1.76-1.65 (m, 1H), 
1.61-1.56 (m, 1H), 1.43-1.25(m, 3H), 0.87 (t, J=7.5Hz, 3H); 
13
C NMR 
(125MHz, CDCl3) 179.6, 141.2, 129.1, 126.4, 121.5, 120.8, 109.9, 33.4, 32.1, 30.2, 24.9, 33.3, 
13.6; HRMS calcd for C13H14NO (M-H)
-
: 200.1081, found: m/z 200.1074; Enantiomeric excess 
was determined by HPLC with a Chiralpak IC-3 column (80:20 hexane: 2-propanol, 1.0 
mL/min, 254 nm); minor enantiomer tr = 5.6 min, major enantiomer tr = 6.0 min; []D
25.7
= +31.6 
(c=0.75, CHCl3, >99/1 dr, 74% ee); IR (neat) 3193, 1694, 1620, 1468, 1214 cm
-1
. 
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X-ray Structure analysis of Figure 2-3 in Chapter 2. 
 
data_Figure_2-3  
   
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
  
;  
_chemical_name_common               
_chemical_melting_point             
_chemical_formula_moiety            
_chemical_formula_sum  
 'C28 H27 Cl N2 O3'  
_chemical_formula_weight          474.97  
   
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.1484   0.1585  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
   
_symmetry_cell_setting            Orthorhombic  
_symmetry_space_group_name_H-M    P2(1)2(1)2(1)  
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loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x+1/2, -y, z+1/2'  
 '-x, y+1/2, -z+1/2'  
 'x+1/2, -y+1/2, -z'  
   
_cell_length_a                    8.9729(5)  
_cell_length_b                    14.1082(8)  
_cell_length_c                    22.6489(13)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      2867.2(3)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173(2)  
_cell_measurement_reflns_used     3675  
_cell_measurement_theta_min       2.44  
_cell_measurement_theta_max       24.69  
   
_exptl_crystal_description         plate 
_exptl_crystal_colour              colorless 
_exptl_crystal_size_max           0.40  
_exptl_crystal_size_mid           0.30  
_exptl_crystal_size_min           0.20  
_exptl_crystal_density_meas       0  
_exptl_crystal_density_diffrn     1.100  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1000  
_exptl_absorpt_coefficient_mu     0.161  
_exptl_absorpt_correction_type    none  
_exptl_absorpt_correction_T_min   0.9384  
_exptl_absorpt_correction_T_max   0.9685  
_exptl_absorpt_process_details      
   
_exptl_special_details  
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;  
   
;  
   
_diffrn_ambient_temperature       173(2)  
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK¥a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Bruker APEX-II CCD'  
_diffrn_measurement_method        '¥f and ¥w scans'  
_diffrn_detector_area_resol_mean    
_diffrn_reflns_number             16227  
_diffrn_reflns_av_R_equivalents   0.0339  
_diffrn_reflns_av_sigmaI/netI     0.0505  
_diffrn_reflns_limit_h_min        -11  
_diffrn_reflns_limit_h_max        11  
_diffrn_reflns_limit_k_min        -13  
_diffrn_reflns_limit_k_max        18  
_diffrn_reflns_limit_l_min        -22  
_diffrn_reflns_limit_l_max        28  
_diffrn_reflns_theta_min          1.70  
_diffrn_reflns_theta_max          27.49  
_reflns_number_total              6435  
_reflns_number_gt                 4986  
_reflns_threshold_expression      >2sigma(I)  
   
_computing_data_collection        'Bruker APEX2'  
_computing_cell_refinement        'Bruker SAINT'  
_computing_data_reduction         'Bruker SAINT'  
_computing_structure_solution     'SHELXS-97 (Sheldrick, 2008)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     'Bruker SHELXTL'  
_computing_publication_material   'Bruker SHELXTL'  
   
_refine_special_details  
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;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
   
_refine_ls_structure_factor_coef  Fsqd  
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc  
_refine_ls_weighting_details  
 'calc w=1/[¥s^2^(Fo^2^)+(0.0000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     mixed  
_refine_ls_extinction_method      SHELXL  
_refine_ls_extinction_coef        0.0015(7)  
_refine_ls_extinction_expression  
 'Fc^*^=kFc[1+0.001xFc^2^¥l^3^/sin(2¥q)]^-1/4^'  
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    -0.13(19)  
_refine_ls_number_reflns          6435  
_refine_ls_number_parameters      351  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.1805  
_refine_ls_R_factor_gt            0.1496  
_refine_ls_wR_factor_ref          0.2197  
_refine_ls_wR_factor_gt           0.2013  
_refine_ls_goodness_of_fit_ref    6.391  
_refine_ls_restrained_S_all       6.391  
_refine_ls_shift/su_max           1.692  
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_refine_ls_shift/su_mean          0.264  
   
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Cl1 Cl 0.9175(3) 0.95666(14) 0.17613(11) 0.0467(7) Uani 1 1 d . . .  
C1 C 0.7789(10) 0.5194(6) 0.0559(4) 0.027(2) Uani 1 1 d . . .  
C2 C 0.8247(8) 0.4803(5) 0.1139(4) 0.023(2) Uani 1 1 d . . .  
C3 C 0.9908(9) 0.4859(5) 0.1119(5) 0.037(3) Uani 1 1 d . . .  
C4 C 1.1007(10) 0.4593(5) 0.1521(4) 0.039(2) Uani 1 1 d . . .  
H4 H 1.0763 0.4317 0.1891 0.047 Uiso 1 1 calc R . .  
C5 C 1.2555(10) 0.4760(6) 0.1346(5) 0.056(3) Uani 1 1 d . . .  
H5 H 1.3341 0.4634 0.1616 0.067 Uiso 1 1 calc R . .  
C6 C 1.2862(12) 0.5088(6) 0.0807(4) 0.052(3) Uani 1 1 d . . .  
H6 H 1.3868 0.5137 0.0680 0.062 Uiso 1 1 calc R . .  
C7 C 1.1778(10) 0.5345(7) 0.0452(4) 0.047(3) Uani 1 1 d . . .  
H7 H 1.2023 0.5617 0.0080 0.057 Uiso 1 1 calc R . .  
C8 C 1.0333(9) 0.5237(5) 0.0595(4) 0.025(2) Uani 1 1 d . . .  
C9 C 0.7528(10) 0.3822(5) 0.1260(4) 0.037(2) Uani 1 1 d . . .  
H9 H 0.6454 0.3852 0.1144 0.044 Uiso 1 1 calc R . .  
C10 C 0.8207(9) 0.2986(5) 0.0970(4) 0.024(2) Uani 1 1 d . . .  
C11 C 0.7683(12) 0.2730(6) 0.0453(4) 0.044(3) Uani 1 1 d . . .  
H11 H 0.6899 0.3085 0.0278 0.053 Uiso 1 1 calc R . .  
C12 C 0.8238(12) 0.1978(6) 0.0169(5) 0.053(3) Uani 1 1 d . . .  
H12 H 0.7829 0.1812 -0.0204 0.063 Uiso 1 1 calc R . .  
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C13 C 0.9304(13) 0.1468(7) 0.0380(4) 0.052(3) Uani 1 1 d . . .  
H13 H 0.9673 0.0943 0.0161 0.063 Uiso 1 1 calc R . .  
C14 C 0.9896(10) 0.1679(6) 0.0911(5) 0.051(3) Uani 1 1 d . . .  
H14 H 1.0681 0.1308 0.1071 0.061 Uiso 1 1 calc R . .  
C15 C 0.9337(11) 0.2445(6) 0.1215(4) 0.049(3) Uani 1 1 d . . .  
H15 H 0.9727 0.2602 0.1592 0.058 Uiso 1 1 calc R . .  
C16 C 0.7474(8) 0.5429(5) 0.1624(4) 0.029(2) Uani 1 1 d . . .  
H16 H 0.6389 0.5440 0.1523 0.035 Uiso 1 1 calc R . .  
C17 C 0.7946(8) 0.6457(5) 0.1693(4) 0.029(2) Uani 1 1 d . . .  
C18 C 0.9274(10) 0.6744(5) 0.1953(3) 0.030(2) Uani 1 1 d . . .  
H18 H 0.9926 0.6281 0.2114 0.036 Uiso 1 1 calc R . .  
C19 C 0.9667(10) 0.7708(5) 0.1981(4) 0.032(2) Uani 1 1 d . . .  
H19 H 1.0583 0.7902 0.2153 0.039 Uiso 1 1 calc R . .  
C20 C 0.8676(10) 0.8370(5) 0.1749(4) 0.034(2) Uani 1 1 d . . .  
C21 C 0.7333(10) 0.8123(6) 0.1533(4) 0.038(2) Uani 1 1 d . . .  
H21 H 0.6649 0.8592 0.1402 0.045 Uiso 1 1 calc R . .  
C22 C 0.6964(9) 0.7149(5) 0.1505(4) 0.031(2) Uani 1 1 d . . .  
H22 H 0.6019 0.6966 0.1355 0.038 Uiso 1 1 calc R . .  
C23 C 0.7621(9) 0.4813(5) 0.2213(4) 0.034(2) Uani 1 1 d . . .  
H23 H 0.8598 0.4940 0.2410 0.040 Uiso 1 1 calc R . .  
C24 C 0.6330(9) 0.5008(6) 0.2643(4) 0.032(2) Uani 1 1 d . . .  
C25 C 0.5272(10) 0.6289(7) 0.3280(5) 0.054(3) Uani 1 1 d . . .  
C26 C 0.5013(14) 0.5818(6) 0.3905(5) 0.088(4) Uani 1 1 d . . .  
H26A H 0.4509 0.5207 0.3854 0.133 Uiso 1 1 calc R . .  
H26B H 0.4393 0.6235 0.4148 0.133 Uiso 1 1 calc R . .  
H26C H 0.5976 0.5718 0.4100 0.133 Uiso 1 1 calc R . .  
C27 C 0.5946(11) 0.7284(5) 0.3435(4) 0.065(4) Uani 1 1 d . . .  
H27A H 0.6837 0.7199 0.3680 0.097 Uiso 1 1 calc R . .  
H27B H 0.5207 0.7658 0.3652 0.097 Uiso 1 1 calc R . .  
H27C H 0.6216 0.7615 0.3070 0.097 Uiso 1 1 calc R . .  
C28 C 0.3948(11) 0.6370(6) 0.2896(5) 0.070(4) Uani 1 1 d . . .  
H28A H 0.4214 0.6712 0.2535 0.105 Uiso 1 1 calc R . .  
H28B H 0.3160 0.6715 0.3105 0.105 Uiso 1 1 calc R . .  
H28C H 0.3590 0.5734 0.2793 0.105 Uiso 1 1 calc R . .  
N1 N 0.9057(7) 0.5400(4) 0.0258(3) 0.0310(17) Uani 1 1 d . . .  
N2 N 0.7622(7) 0.3825(4) 0.1937(3) 0.033(2) Uani 1 1 d . . .  
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H2A H 0.6826 0.3489 0.2085 0.039 Uiso 1 1 calc R . .  
H2B H 0.8478 0.3516 0.2050 0.039 Uiso 1 1 calc R . .  
O1 O 0.6523(6) 0.5289(4) 0.0378(3) 0.0331(16) Uani 1 1 d . . .  
O2 O 0.5282(6) 0.4463(4) 0.2694(3) 0.0422(18) Uani 1 1 d . . .  
O3 O 0.6465(6) 0.5840(4) 0.2893(3) 0.0342(16) Uani 1 1 d . . .  
O4 O 0.4330(7) 0.8485(5) 0.0737(3) 0.0496(19) Uani 1 1 d . . .  
H4A H 0.4104 0.8866 0.0466 0.074 Uiso 1 1 calc R . .  
C30 C 0.4458(12) 0.6955(6) 0.9665(4) 0.057(3) Uani 1 1 d . . .  
H30A H 0.3436 0.7127 0.9774 0.085 Uiso 1 1 calc R . .  
H30B H 0.4479 0.6296 0.9528 0.085 Uiso 1 1 calc R . .  
H30C H 0.4806 0.7373 0.9348 0.085 Uiso 1 1 calc R . .  
C29 C 0.3158(14) 0.8261(8) 0.1026(5) 0.091(5) Uani 1 1 d . . .  
H29A H 0.3416 0.8159 0.1442 0.137 Uiso 1 1 calc R . .  
H29B H 0.2734 0.7677 0.0862 0.137 Uiso 1 1 calc R . .  
H29C H 0.2425 0.8774 0.0996 0.137 Uiso 1 1 calc R . .  
O5 O 0.5369(8) 0.7050(4) 1.0147(3) 0.056(2) Uani 1 1 d . . .  
H5A H 0.5810 0.6535 1.0210 0.083 Uiso 1 1 calc R . .  
   
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Cl1 0.0556(15) 0.0247(12) 0.0596(18) 0.0007(12) -0.0121(15) -0.0093(12)  
C1 0.045(6) 0.023(5) 0.012(5) 0.005(4) 0.007(4) 0.007(4)  
C2 0.018(4) 0.030(5) 0.019(5) 0.000(4) 0.005(4) 0.008(4)  
C3 0.015(5) 0.024(5) 0.073(8) -0.020(5) -0.007(5) 0.008(4)  
C4 0.044(6) 0.022(5) 0.051(7) 0.003(4) 0.005(5) -0.004(5)  
C5 0.018(5) 0.053(7) 0.098(9) -0.048(6) -0.029(6) 0.019(5)  
C6 0.055(7) 0.061(7) 0.039(7) 0.013(6) 0.017(6) -0.018(6)  
C7 0.042(6) 0.066(7) 0.034(7) 0.004(5) -0.017(5) -0.004(6)  
C8 0.028(5) 0.024(5) 0.023(5) 0.003(4) 0.003(4) -0.012(4)  
C9 0.033(6) 0.028(5) 0.050(7) 0.009(5) -0.006(5) -0.003(4)  
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C10 0.028(5) 0.003(4) 0.042(6) 0.003(4) 0.010(4) 0.007(3)  
C11 0.071(8) 0.043(6) 0.020(6) -0.019(5) 0.004(5) -0.004(6)  
C12 0.075(9) 0.026(6) 0.056(8) -0.009(5) 0.000(7) 0.011(6)  
C13 0.082(9) 0.046(7) 0.029(6) -0.023(5) 0.015(7) -0.029(7)  
C14 0.034(6) 0.012(5) 0.106(11) 0.000(6) 0.038(7) 0.008(4)  
C15 0.039(7) 0.050(6) 0.057(8) 0.007(5) 0.002(6) -0.026(5)  
C16 0.019(4) 0.027(5) 0.043(6) 0.010(4) 0.001(4) -0.002(4)  
C17 0.012(4) 0.020(5) 0.056(7) 0.005(4) -0.012(4) -0.006(4)  
C18 0.032(5) 0.020(4) 0.038(6) 0.009(4) -0.003(5) 0.004(4)  
C19 0.033(5) 0.028(5) 0.035(6) -0.014(4) 0.002(4) -0.011(4)  
C20 0.039(6) 0.009(4) 0.055(7) -0.015(4) -0.002(5) 0.001(4)  
C21 0.033(6) 0.025(5) 0.055(7) 0.005(5) 0.005(5) 0.005(4)  
C22 0.019(5) 0.018(5) 0.057(7) -0.002(4) -0.013(4) 0.000(4)  
C23 0.013(4) 0.020(5) 0.068(7) 0.004(4) -0.005(5) 0.000(3)  
C24 0.025(5) 0.033(5) 0.039(6) 0.012(5) -0.004(5) 0.001(4)  
C25 0.023(5) 0.063(7) 0.076(9) -0.038(6) 0.006(6) 0.023(5)  
C26 0.126(11) 0.057(7) 0.083(10) 0.038(6) 0.052(9) 0.006(7)  
C27 0.058(7) 0.021(5) 0.116(10) -0.013(5) 0.038(8) 0.001(5)  
C28 0.048(7) 0.034(6) 0.128(11) -0.020(6) 0.029(8) 0.004(5)  
N1 0.022(4) 0.036(4) 0.035(5) 0.014(4) 0.000(4) -0.005(4)  
N2 0.021(4) 0.015(4) 0.061(6) 0.000(3) 0.008(4) 0.008(3)  
O1 0.019(3) 0.042(4) 0.038(4) 0.004(3) -0.010(3) 0.004(3)  
O2 0.044(4) 0.036(4) 0.047(5) -0.006(3) 0.023(3) -0.006(3)  
O3 0.032(4) 0.022(3) 0.048(5) -0.005(3) 0.013(3) -0.003(3)  
O4 0.042(5) 0.067(5) 0.041(5) 0.027(3) -0.006(4) 0.002(4)  
C30 0.080(9) 0.046(6) 0.045(7) -0.009(5) -0.015(7) 0.004(6)  
C29 0.099(12) 0.070(10) 0.104(13) -0.006(8) -0.038(10) 0.008(8)  
O5 0.075(6) 0.058(5) 0.033(4) -0.011(4) -0.023(4) 0.029(4)  
   
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
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 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
   
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Cl1 C20 1.747(7) .   
C1 O1 1.215(9) .   
C1 N1 1.358(10) .   
C1 C2 1.482(11) .   
C2 C3 1.493(10) .   
C2 C9 1.552(10) .   
C2 C16 1.570(10) .   
C3 C4 1.393(11) .   
C3 C8 1.357(12) .   
C4 C5 1.463(12) .   
C4 H4 0.9500 .   
C5 C6 1.335(13) .   
C5 H5 0.9500 .   
C6 C7 1.313(12) .   
C6 H6 0.9500 .   
C7 C8 1.345(11) .   
C7 H7 0.9500 .   
C8 N1 1.396(10) .   
C9 N2 1.535(10) .   
C9 C10 1.481(10) .   
C9 H9 1.0000 .   
C10 C11 1.313(11) .   
C10 C15 1.385(11) .   
C11 C12 1.337(11) .   
C11 H11 0.9500 .   
C12 C13 1.289(13) .   
C12 H12 0.9500 .   
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C13 C14 1.347(13) .   
C13 H13 0.9500 .   
C14 C15 1.376(11) .   
C14 H14 0.9500 .   
C15 H15 0.9500 .   
C16 C17 1.519(10) .   
C16 C23 1.599(10) .   
C16 H16 1.0000 .   
C17 C18 1.389(10) .   
C17 C22 1.381(9) .   
C18 C19 1.408(9) .   
C18 H18 0.9500 .   
C19 C20 1.393(10) .   
C19 H19 0.9500 .   
C20 C21 1.346(11) .   
C21 C22 1.415(10) .   
C21 H21 0.9500 .   
C22 H22 0.9500 .   
C23 N2 1.527(9) .   
C23 C24 1.537(11) .   
C23 H23 1.0000 .   
C24 O2 1.220(9) .   
C24 O3 1.310(9) .   
C25 O3 1.521(9) .   
C25 C28 1.477(12) .   
C25 C27 1.567(11) .   
C25 C26 1.582(14) .   
C26 H26A 0.9800 .   
C26 H26B 0.9800 .   
C26 H26C 0.9800 .   
C27 H27A 0.9800 .   
C27 H27B 0.9800 .   
C27 H27C 0.9800 .   
C28 H28A 0.9800 .   
C28 H28B 0.9800 .   
C28 H28C 0.9800 .   
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N2 H2A 0.9200 .   
N2 H2B 0.9200 .   
O4 C29 1.279(12) .   
O4 H4A 0.8410 .   
C30 O5 1.370(9) .   
C30 H30A 0.9800 .   
C30 H30B 0.9800 .   
C30 H30C 0.9800 .   
C29 H29A 0.9800 .   
C29 H29B 0.9800 .   
C29 H29C 0.9800 .   
O5 H5A 0.8406 .   
   
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
O1 C1 N1 126.1(8) . .   
O1 C1 C2 126.8(8) . .   
N1 C1 C2 107.1(7) . .   
C3 C2 C1 103.3(8) . .   
C3 C2 C9 117.8(7) . .   
C1 C2 C9 112.0(7) . .   
C3 C2 C16 115.6(7) . .   
C1 C2 C16 106.7(6) . .   
C9 C2 C16 101.2(6) . .   
C4 C3 C8 118.5(8) . .   
C4 C3 C2 132.3(10) . .   
C8 C3 C2 109.1(8) . .   
C3 C4 C5 116.9(9) . .   
C3 C4 H4 121.3 . .   
C5 C4 H4 121.8 . .   
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C6 C5 C4 119.9(9) . .   
C6 C5 H5 120.4 . .   
C4 C5 H5 119.7 . .   
C5 C6 C7 120.2(10) . .   
C5 C6 H6 119.7 . .   
C7 C6 H6 120.1 . .   
C8 C7 C6 122.3(10) . .   
C8 C7 H7 119.0 . .   
C6 C7 H7 118.7 . .   
C7 C8 C3 121.8(9) . .   
C7 C8 N1 129.8(8) . .   
C3 C8 N1 108.2(7) . .   
N2 C9 C10 115.0(7) . .   
N2 C9 C2 98.7(6) . .   
C10 C9 C2 117.4(7) . .   
N2 C9 H9 108.1 . .   
C10 C9 H9 108.4 . .   
C2 C9 H9 108.5 . .   
C11 C10 C15 117.9(9) . .   
C11 C10 C9 117.8(8) . .   
C15 C10 C9 124.3(9) . .   
C10 C11 C12 120.9(11) . .   
C10 C11 H11 119.5 . .   
C12 C11 H11 119.6 . .   
C13 C12 C11 122.8(11) . .   
C13 C12 H12 118.7 . .   
C11 C12 H12 118.5 . .   
C12 C13 C14 120.0(10) . .   
C12 C13 H13 120.1 . .   
C14 C13 H13 119.9 . .   
C13 C14 C15 118.5(10) . .   
C13 C14 H14 120.9 . .   
C15 C14 H14 120.6 . .   
C14 C15 C10 120.0(10) . .   
C14 C15 H15 120.0 . .   
C10 C15 H15 120.0 . .   
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C17 C16 C23 114.3(7) . .   
C17 C16 C2 119.1(6) . .   
C23 C16 C2 104.0(6) . .   
C17 C16 H16 106.3 . .   
C23 C16 H16 106.1 . .   
C2 C16 H16 106.2 . .   
C18 C17 C22 118.1(7) . .   
C18 C17 C16 124.1(7) . .   
C22 C17 C16 117.7(7) . .   
C19 C18 C17 121.0(7) . .   
C19 C18 H18 119.5 . .   
C17 C18 H18 119.5 . .   
C18 C19 C20 118.1(7) . .   
C18 C19 H19 121.0 . .   
C20 C19 H19 120.9 . .   
C21 C20 C19 122.3(7) . .   
C21 C20 Cl1 119.1(7) . .   
C19 C20 Cl1 118.6(6) . .   
C20 C21 C22 118.5(8) . .   
C20 C21 H21 120.7 . .   
C22 C21 H21 120.8 . .   
C21 C22 C17 121.6(7) . .  
C21 C22 H22 119.1 . .   
C17 C22 H22 119.3 . .   
N2 C23 C24 115.0(6) . .   
N2 C23 C16 98.9(6) . .   
C24 C23 C16 111.6(6) . .   
N2 C23 H23 110.4 . .   
C24 C23 H23 110.1 . .   
C16 C23 H23 110.3 . .   
O2 C24 O3 126.5(8) . .   
O2 C24 C23 121.9(8) . .   
O3 C24 C23 111.4(7) . .   
O3 C25 C28 105.0(8) . .   
O3 C25 C27 103.3(7) . .   
C28 C25 C27 112.0(8) . .   
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O3 C25 C26 116.3(8) . .   
C28 C25 C26 116.2(9) . .  
C27 C25 C26 103.5(8) . .   
C25 C26 H26A 109.0 . .   
C25 C26 H26B 110.1 . .   
H26A C26 H26B 109.5 . .   
C25 C26 H26C 109.3 . .   
H26A C26 H26C 109.5 . .   
H26B C26 H26C 109.5 . .   
C25 C27 H27A 109.3 . .   
C25 C27 H27B 109.6 . .   
H27A C27 H27B 109.5 . .   
C25 C27 H27C 109.5 . .   
H27A C27 H27C 109.5 . .   
H27B C27 H27C 109.5 . .   
C25 C28 H28A 109.5 . .   
C25 C28 H28B 109.5 . .   
H28A C28 H28B 109.5 . .   
C25 C28 H28C 109.4 . .   
H28A C28 H28C 109.5 . .   
H28B C28 H28C 109.5 . .   
C1 N1 C8 112.1(7) . .   
C23 N2 C9 114.3(6) . .   
C23 N2 H2A 108.8 . .   
C9 N2 H2A 108.8 . .   
C23 N2 H2B 108.6 . .   
C9 N2 H2B 108.6 . .   
H2A N2 H2B 107.6 . .  
C24 O3 C25 123.9(7) . .   
C29 O4 H4A 109.7 . .   
O5 C30 H30A 109.2 . .   
O5 C30 H30B 109.6 . .   
H30A C30 H30B 109.5 . .  
O5 C30 H30C 109.6 . .   
H30A C30 H30C 109.5 . .   
H30B C30 H30C 109.5 . .   
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O4 C29 H29A 109.4 . .   
O4 C29 H29B 109.7 . .   
H29A C29 H29B 109.5 . .   
O4 C29 H29C 109.3 . .   
H29A C29 H29C 109.5 . .  
H29B C29 H29C 109.5 . .   
C30 O5 H5A 109.4 . .   
   
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
O1 C1 C2 C3 -179.9(8) . . . .   
N1 C1 C2 C3 2.0(9) . . . .   
O1 C1 C2 C9 52.3(11) . . . .   
N1 C1 C2 C9 -125.8(7) . . . .   
O1 C1 C2 C16 -57.6(11) . . . .   
N1 C1 C2 C16 124.3(7) . . . .   
C1 C2 C3 C4 -179.0(8) . . . .   
C9 C2 C3 C4 -54.9(13) . . . .   
C16 C2 C3 C4 64.8(12) . . . .   
C1 C2 C3 C8 0.2(10) . . . .   
C9 C2 C3 C8 124.2(8) . . . .   
C16 C2 C3 C8 -116.0(8) . . . .   
C8 C3 C4 C5 0.9(11) . . . .   
C2 C3 C4 C5 -180.0(8) . . . .   
C3 C4 C5 C6 -4.6(13) . . . .   
C4 C5 C6 C7 6.3(15) . . . .   
C5 C6 C7 C8 -4.2(16) . . . .   
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C6 C7 C8 C3 0.4(15) . . . .   
C6 C7 C8 N1 -174.5(9) . . . .   
C4 C3 C8 C7 1.1(13) . . . .   
C2 C3 C8 C7 -178.1(8) . . . .   
C4 C3 C8 N1 177.0(7) . . . .   
C2 C3 C8 N1 -2.3(10) . . . .   
C3 C2 C9 N2 83.7(9) . . . .   
C1 C2 C9 N2 -156.7(7) . . . .   
C16 C2 C9 N2 -43.3(7) . . . .   
C3 C2 C9 C10 -40.4(12) . . . .   
C1 C2 C9 C10 79.2(9) . . . .   
C16 C2 C9 C10 -167.5(8) . . . .   
N2 C9 C10 C11 153.0(8) . . . .   
C2 C9 C10 C11 -91.5(10) . . . .   
N2 C9 C10 C15 -25.6(12) . . . .   
C2 C9 C10 C15 89.9(10) . . . .   
C15 C10 C11 C12 -0.8(14) . . . .   
C9 C10 C11 C12 -179.4(9) . . . .   
C10 C11 C12 C13 -0.3(16) . . . .   
C11 C12 C13 C14 0.7(16) . . . .   
C12 C13 C14 C15 -0.1(14) . . . .   
C13 C14 C15 C10 -0.9(13) . . . .   
C11 C10 C15 C14 1.3(12) . . . .   
C9 C10 C15 C14 179.9(8) . . . .   
C3 C2 C16 C17 47.3(11) . . . .   
C1 C2 C16 C17 -67.0(9) . . . .   
C9 C2 C16 C17 175.8(7) . . . .   
C3 C2 C16 C23 -81.3(9) . . . .   
C1 C2 C16 C23 164.5(6) . . . .   
C9 C2 C16 C23 47.2(7) . . . .   
C23 C16 C17 C18 48.9(11) . . . .   
C2 C16 C17 C18 -74.8(11) . . . .   
C23 C16 C17 C22 -128.4(8) . . . .   
C2 C16 C17 C22 107.9(9) . . . .   
C22 C17 C18 C19 -5.3(13) . . . .   
C16 C17 C18 C19 177.4(7) . . . .   
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C17 C18 C19 C20 1.1(12) . . . .   
C18 C19 C20 C21 3.9(14) . . . .   
C18 C19 C20 Cl1 -178.2(6) . . . .   
C19 C20 C21 C22 -4.4(14) . . . .   
Cl1 C20 C21 C22 177.7(6) . . . .   
C20 C21 C22 C17 -0.1(13) . . . .   
C18 C17 C22 C21 4.9(13) . . . .   
C16 C17 C22 C21 -177.7(7) . . . .   
C17 C16 C23 N2 -160.6(6) . . . .   
C2 C16 C23 N2 -29.2(7) . . . .   
C17 C16 C23 C24 77.9(8) . . . .   
C2 C16 C23 C24 -150.7(7) . . . .   
N2 C23 C24 O2 -9.6(11) . . . .   
C16 C23 C24 O2 102.0(9) . . . .   
N2 C23 C24 O3 175.4(7) . . . .   
C16 C23 C24 O3 -73.1(9) . . . .   
O1 C1 N1 C8 178.3(8) . . . .   
C2 C1 N1 C8 -3.6(9) . . . .   
C7 C8 N1 C1 179.2(9) . . . .   
C3 C8 N1 C1 3.8(9) . . . .   
C24 C23 N2 C9 120.3(8) . . . .   
C16 C23 N2 C9 1.3(8) . . . .   
C10 C9 N2 C23 152.7(6) . . . .   
C2 C9 N2 C23 26.9(8) . . . .   
O2 C24 O3 C25 -2.7(13) . . . .   
C23 C24 O3 C25 172.1(7) . . . .   
C28 C25 O3 C24 -59.6(11) . . . .   
C27 C25 O3 C24 -177.1(8) . . . .   
C26 C25 O3 C24 70.4(11) . . . .   
   
_diffrn_measured_fraction_theta_max    0.992  
_diffrn_reflns_theta_full              27.49  
_diffrn_measured_fraction_theta_full   0.992  
_refine_diff_density_max    1.726  
_refine_diff_density_min   -1.569  
_refine_diff_density_rms    0.158 
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X-ray Structure analysis of Figure 3-3 in Chapter 3. 
 
 
data_u121219mas1  
  
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
   
;  
_chemical_name_common              
_chemical_melting_point            
_chemical_formula_moiety           
_chemical_formula_sum  
 'C77 H70 Br2 Cl2 N8 Ni O10 S2'  
_chemical_formula_weight          1620.96  
_chemical_absolute_configuration  rmad 
  
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0181   0.0091  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0311   0.0180  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0492   0.0322  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'S'  'S'   0.3331   0.5567  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Ni'  'Ni'  -3.0029   0.5091  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
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 'Br'  'Br'  -0.6763   1.2805  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Cl'  'Cl'   0.3639   0.7018  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
  
_symmetry_cell_setting           'Orthorhombic' 
_symmetry_space_group_name_H-M   'P2(1)2(1)2 ' 
loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 '-x, -y, z'  
 '-x+1/2, y+1/2, -z'  
 'x+1/2, -y+1/2, -z'  
  
_cell_length_a                    14.1642(5)  
_cell_length_b                    23.5698(7)  
_cell_length_c                    11.1388(4)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      3718.7(2)  
_cell_formula_units_Z             2  
_cell_measurement_temperature     120  
_cell_measurement_reflns_used    3736 
_cell_measurement_theta_min        3.64 
_cell_measurement_theta_max       66.02 
_exptl_crystal_description        'needle' 
_exptl_crystal_colour             'colourless' 
_exptl_crystal_size_max           0.20  
_exptl_crystal_size_mid           0.02  
_exptl_crystal_size_min           0.01  
_exptl_crystal_density_meas        
_exptl_crystal_density_diffrn     1.448  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1664  
_exptl_absorpt_coefficient_mu     3.344  
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_exptl_absorpt_correction_type    empirical 
_exptl_absorpt_correction_T_min   0.5544  
_exptl_absorpt_correction_T_max   0.9673  
_exptl_absorpt_process_details     
; 
SADABS Sheldrick 1996 
; 
_exptl_special_details  
;  
  
;  
  
_diffrn_ambient_temperature       120  
_diffrn_radiation_wavelength      1.54178  
_diffrn_radiation_type            CuK¥a  
_diffrn_radiation_source          'Bruker TXS fine-focus rotating anode'  
_diffrn_radiation_monochromator   'Bruker Helios multilayer confocal mirror'  
_diffrn_measurement_device_type   'Bruker APEXII CCD area detector'  
_diffrn_measurement_method        'phi and omega scans'  
_diffrn_detector_area_resol_mean  8.333 
_diffrn_reflns_number             12392  
_diffrn_reflns_av_R_equivalents   0.0686  
_diffrn_reflns_av_sigmaI/netI     0.1359  
_diffrn_reflns_limit_h_min        -16  
_diffrn_reflns_limit_h_max        13  
_diffrn_reflns_limit_k_min        -25  
_diffrn_reflns_limit_k_max        28  
_diffrn_reflns_limit_l_min        -13  
_diffrn_reflns_limit_l_max        10  
_diffrn_reflns_theta_min          3.64  
_diffrn_reflns_theta_max          67.86  
_reflns_number_total              6065  
_reflns_number_gt                 3891  
_reflns_threshold_expression      >2sigma(I)  
  
_computing_data_collection        'APEX2 (Bruker AXS, 2006)' 
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_computing_cell_refinement        'APEX2 (Bruker AXS, 2006)' 
_computing_data_reduction         'SAINT (Bruker AXS, 2004)' 
_computing_structure_solution     'SHELXS-97 (Sheldrick, 1997)' 
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 1997)' 
_computing_molecular_graphics     'XSHEL (Bruker AXS,2002)' 
_computing_publication_material   'XCIF (Bruker AXS, 2001)'  
_refine_special_details  
;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
  
_refine_ls_structure_factor_coef  Fsqd   
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc   
_refine_ls_weighting_details  
 'calc w=1/[¥s^2^(Fo^2^)+(0.0899P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     constr 
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef         
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    0.03(4)  
_refine_ls_number_reflns          6065  
_refine_ls_number_parameters      463  
_refine_ls_number_restraints      19  
_refine_ls_R_factor_all           0.1322  
_refine_ls_R_factor_gt            0.0803  
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_refine_ls_wR_factor_ref          0.1979  
_refine_ls_wR_factor_gt           0.1752  
_refine_ls_goodness_of_fit_ref    1.044  
_refine_ls_restrained_S_all       1.054  
_refine_ls_shift/su_max           0.002  
_refine_ls_shift/su_mean          0.000  
  
loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Br1 Br 0.42509(8) 0.30063(4) 0.69966(11) 0.0418(3) Uani 1 1 d . . .  
C1 C 0.3647(6) 0.5990(3) 0.6917(9) 0.025(2) Uani 1 1 d . . .  
H1A H 0.4136 0.6266 0.7165 0.030 Uiso 1 1 calc R . .  
H1B H 0.3020 0.6160 0.7074 0.030 Uiso 1 1 calc R . .  
C2 C 0.3747(7) 0.5863(4) 0.5608(9) 0.025(2) Uani 1 1 d . . .  
C3 C 0.3735(7) 0.6060(4) 0.3542(9) 0.030(2) Uani 1 1 d . . .  
H3 H 0.3212 0.6020 0.2944 0.036 Uiso 1 1 calc R . .  
C4 C 0.4142(7) 0.5469(3) 0.3871(8) 0.026(2) Uani 1 1 d . . .  
H4 H 0.4803 0.5449 0.3555 0.031 Uiso 1 1 calc R . .  
C5 C 0.3316(8) 0.7362(4) 0.5396(10) 0.038(3) Uani 1 1 d . . .  
C6 C 0.3345(8) 0.7470(4) 0.6590(10) 0.044(3) Uani 1 1 d . . .  
H6 H 0.2984 0.7249 0.7136 0.053 Uiso 1 1 calc R . .  
C7 C 0.3911(8) 0.7907(4) 0.6999(11) 0.046(3) Uani 1 1 d . . .  
H7 H 0.3936 0.7984 0.7835 0.055 Uiso 1 1 calc R . .  
C8 C 0.4415(8) 0.8217(5) 0.6261(12) 0.048(3) Uani 1 1 d . . .  
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C9 C 0.4375(9) 0.8102(5) 0.5022(12) 0.061(3) Uani 1 1 d . . .  
H9 H 0.4740 0.8319 0.4475 0.073 Uiso 1 1 calc R . .  
C10 C 0.3797(9) 0.7668(5) 0.4604(11) 0.051(3) Uani 1 1 d . . .  
H10 H 0.3747 0.7591 0.3769 0.061 Uiso 1 1 calc R . .  
C11 C 0.5055(10) 0.8702(6) 0.6709(14) 0.086(5) Uani 1 1 d . . .  
H11A H 0.4666 0.8997 0.7083 0.129 Uiso 1 1 calc R . .  
H11B H 0.5401 0.8864 0.6029 0.129 Uiso 1 1 calc R . .  
H11C H 0.5504 0.8553 0.7300 0.129 Uiso 1 1 calc R . .  
C12 C 0.4442(7) 0.6484(4) 0.3115(9) 0.037(2) Uani 1 1 d . . .  
C13 C 0.5290(8) 0.6597(5) 0.3788(10) 0.044(3) Uani 1 1 d . . .  
H13 H 0.5420 0.6381 0.4488 0.053 Uiso 1 1 calc R . .  
C14 C 0.5908(8) 0.7007(4) 0.3444(11) 0.054(3) Uani 1 1 d . . .  
H14 H 0.6445 0.7094 0.3922 0.064 Uiso 1 1 calc R . .  
C15 C 0.5734(10) 0.7302(5) 0.2355(11) 0.060(3) Uani 1 1 d . . .  
H15 H 0.6156 0.7590 0.2099 0.072 Uiso 1 1 calc R . .  
C16 C 0.4973(10) 0.7174(4) 0.1686(10) 0.052(3) Uani 1 1 d . . .  
H16 H 0.4884 0.7362 0.0941 0.063 Uiso 1 1 calc R . .  
C17 C 0.4315(9) 0.6773(4) 0.2056(9) 0.043(3) Uani 1 1 d . . .  
H17 H 0.3775 0.6699 0.1575 0.052 Uiso 1 1 calc R . .  
C18 C 0.3596(6) 0.4975(4) 0.3340(8) 0.027(2) Uani 1 1 d . . .  
C19 C 0.3671(7) 0.4866(4) 0.2138(8) 0.036(2) Uani 1 1 d . . .  
H19 H 0.4063 0.5102 0.1661 0.043 Uiso 1 1 calc R . .  
C20 C 0.3192(8) 0.4418(4) 0.1589(10) 0.040(3) Uani 1 1 d . . .  
H20 H 0.3263 0.4352 0.0753 0.049 Uiso 1 1 calc R . .  
C21 C 0.2634(9) 0.4084(5) 0.2249(10) 0.052(3) Uani 1 1 d . . .  
H21 H 0.2285 0.3787 0.1880 0.063 Uiso 1 1 calc R . .  
C22 C 0.2566(11) 0.4175(6) 0.3495(12) 0.070(4) Uani 1 1 d . . .  
H22 H 0.2190 0.3930 0.3975 0.085 Uiso 1 1 calc R . .  
C23 C 0.3039(9) 0.4615(5) 0.4014(11) 0.052(3) Uani 1 1 d . . .  
H23 H 0.2984 0.4675 0.4854 0.062 Uiso 1 1 calc R . .  
C24 C 0.2853(6) 0.5137(4) 0.7355(9) 0.030(2) Uani 1 1 d . . .  
H24A H 0.2737 0.5146 0.6479 0.037 Uiso 1 1 calc R . .  
H24B H 0.2320 0.5335 0.7751 0.037 Uiso 1 1 calc R . .  
C25 C 0.2867(7) 0.4524(4) 0.7770(8) 0.026(2) Uani 1 1 d . . .  
C26 C 0.3549(7) 0.4143(4) 0.7305(8) 0.027(2) Uani 1 1 d U . .  
C27 C 0.3393(7) 0.3551(4) 0.7598(9) 0.035(2) Uani 1 1 d . . .  
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C28 C 0.2680(7) 0.3376(4) 0.8346(8) 0.034(2) Uani 1 1 d . . .  
H28 H 0.2605 0.2985 0.8528 0.040 Uiso 1 1 calc R . .  
C29 C 0.2082(7) 0.3767(4) 0.8823(9) 0.031(2) Uani 1 1 d . . .  
C30 C 0.2152(7) 0.4349(4) 0.8520(9) 0.030(2) Uani 1 1 d . . .  
H30 H 0.1712 0.4615 0.8830 0.036 Uiso 1 1 calc R . .  
C31 C 0.3823(7) 0.5578(4) 0.8938(8) 0.028(2) Uani 1 1 d . . .  
H31 H 0.3738 0.5204 0.9349 0.034 Uiso 1 1 calc R . .  
C32 C 0.4806(7) 0.5776(4) 0.9262(8) 0.032(2) Uani 1 1 d . . .  
H32A H 0.5271 0.5510 0.8936 0.047 Uiso 1 1 calc R . .  
H32B H 0.4868 0.5793 1.0137 0.047 Uiso 1 1 calc R . .  
H32C H 0.4915 0.6154 0.8922 0.047 Uiso 1 1 calc R . .  
C33 C 0.3026(7) 0.5967(4) 0.9423(9) 0.032(2) Uani 1 1 d . . .  
C34 C 0.3072(8) 0.6556(4) 0.9301(8) 0.037(3) Uani 1 1 d . . .  
H34 H 0.3593 0.6724 0.8897 0.044 Uiso 1 1 calc R . .  
C35 C 0.2371(7) 0.6893(4) 0.9761(8) 0.037(3) Uani 1 1 d . . .  
H35 H 0.2407 0.7293 0.9672 0.044 Uiso 1 1 calc R . .  
C36 C 0.1628(9) 0.6658(5) 1.0343(10) 0.050(3) Uani 1 1 d . . .  
H36 H 0.1151 0.6896 1.0667 0.060 Uiso 1 1 calc R . .  
C37 C 0.1555(8) 0.6069(5) 1.0473(11) 0.048(3) Uani 1 1 d . . .  
H37 H 0.1024 0.5902 1.0855 0.058 Uiso 1 1 calc R . .  
C38 C 0.2279(7) 0.5741(4) 1.0028(10) 0.038(3) Uani 1 1 d . . .  
H38 H 0.2258 0.5343 1.0148 0.046 Uiso 1 1 calc R . .  
C39 C 1.0000 0.5000 0.799(3) 0.149(10) Uani 1 2 d SU . .  
H39A H 1.0559 0.4906 0.8484 0.179 Uiso 0.50 1 calc PR . .  
H39B H 0.9441 0.5094 0.8484 0.179 Uiso 0.50 1 calc PR . .  
Cl1 Cl 0.976(2) 0.4486(9) 0.665(2) 0.666(17) Uani 1 1 d U . .  
N1 N 0.3752(5) 0.5458(3) 0.7619(7) 0.0258(18) Uani 1 1 d . . .  
N2 N 0.3350(6) 0.6225(3) 0.4736(8) 0.031(2) Uani 1 1 d . . .  
N3 N 0.4192(5) 0.5450(3) 0.5209(7) 0.0242(16) Uani 1 1 d . . .  
N4 N 0.1330(7) 0.3602(4) 0.9657(8) 0.044(2) Uani 1 1 d . . .  
Ni2 Ni 0.5000 0.5000 0.64535(19) 0.0235(5) Uani 1 2 d S . .  
O1 O 0.1940(6) 0.6631(3) 0.5812(7) 0.055(2) Uani 1 1 d . . .  
O2 O 0.2310(5) 0.6890(3) 0.3689(7) 0.046(2) Uani 1 1 d . . .  
O3 O 0.4216(4) 0.4284(2) 0.6607(6) 0.0264(14) Uani 1 1 d U . .  
O4 O 0.1315(6) 0.3091(3) 0.9964(7) 0.055(2) Uani 1 1 d . . .  
O5 O 0.0821(6) 0.3960(4) 1.0080(8) 0.066(2) Uani 1 1 d . . .  
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S1 S 0.26073(19) 0.67813(11) 0.4880(3) 0.0390(7) Uani 1 1 d . . .  
  
loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Br1 0.0376(6) 0.0300(4) 0.0577(7) -0.0015(6) 0.0112(6) -0.0035(5)  
C1 0.016(4) 0.024(4) 0.035(5) 0.002(5) 0.002(4) 0.010(4)  
C2 0.016(5) 0.032(5) 0.028(5) 0.004(4) -0.011(4) 0.002(4)  
C3 0.026(5) 0.039(5) 0.027(5) -0.006(5) 0.001(5) -0.005(5)  
C4 0.017(5) 0.030(4) 0.030(5) 0.010(4) -0.007(4) 0.013(4)  
C5 0.032(6) 0.036(5) 0.045(7) -0.007(5) -0.005(5) 0.018(5)  
C6 0.051(7) 0.050(6) 0.030(6) 0.011(5) -0.004(5) 0.025(6)  
C7 0.055(7) 0.041(5) 0.043(6) -0.009(6) -0.015(6) 0.029(5)  
C8 0.038(7) 0.044(6) 0.063(8) -0.018(6) -0.005(6) 0.013(6)  
C9 0.057(8) 0.057(7) 0.068(8) -0.024(7) 0.019(7) -0.007(7)  
C10 0.067(9) 0.048(6) 0.037(7) -0.009(6) 0.004(6) 0.008(7)  
C11 0.044(8) 0.096(10) 0.118(14) -0.063(10) -0.024(10) -0.003(8)  
C12 0.043(6) 0.036(5) 0.034(5) 0.009(5) -0.013(5) -0.002(5)  
C13 0.038(6) 0.055(6) 0.040(6) 0.015(6) -0.016(5) -0.006(6)  
C14 0.051(7) 0.052(6) 0.058(7) 0.011(7) -0.011(6) -0.027(7)  
C15 0.064(9) 0.058(7) 0.057(8) 0.007(6) 0.014(8) -0.019(8)  
C16 0.070(8) 0.044(6) 0.043(7) 0.014(5) 0.009(7) -0.004(7)  
C17 0.067(7) 0.038(4) 0.025(5) 0.002(5) -0.012(6) 0.001(6)  
C18 0.024(5) 0.034(4) 0.022(5) 0.007(5) 0.000(4) -0.008(4)  
C19 0.040(6) 0.049(6) 0.018(5) 0.010(5) 0.001(5) -0.012(5)  
C20 0.046(7) 0.044(6) 0.031(6) -0.004(5) -0.008(5) -0.003(6)  
C21 0.064(8) 0.058(7) 0.035(6) -0.004(6) 0.007(6) -0.033(7)  
C22 0.084(11) 0.078(9) 0.050(7) -0.011(8) 0.014(8) -0.054(9)  
C23 0.044(8) 0.070(8) 0.042(7) -0.018(6) 0.004(6) -0.041(7)  
C24 0.010(4) 0.046(6) 0.035(5) -0.003(5) 0.004(4) 0.006(4)  
C25 0.024(5) 0.027(4) 0.028(5) -0.014(4) -0.001(4) -0.008(4)  
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C26 0.026(5) 0.028(4) 0.027(5) 0.011(4) -0.005(4) -0.017(4)  
C27 0.036(6) 0.041(5) 0.027(5) 0.009(5) -0.013(5) -0.013(5)  
C28 0.031(5) 0.038(5) 0.031(5) 0.011(5) -0.003(5) -0.025(5)  
C29 0.025(5) 0.042(5) 0.027(5) 0.005(5) 0.007(4) -0.013(5)  
C30 0.027(6) 0.037(5) 0.027(5) 0.003(5) 0.001(5) -0.019(5)  
C31 0.024(5) 0.040(5) 0.021(5) -0.004(5) 0.003(4) 0.003(5)  
C32 0.034(6) 0.038(5) 0.022(5) 0.002(5) -0.005(4) 0.001(5)  
C33 0.024(5) 0.041(5) 0.032(5) 0.001(5) -0.001(4) 0.010(5)  
C34 0.045(7) 0.047(6) 0.018(5) -0.006(5) -0.009(5) 0.001(6)  
C35 0.044(6) 0.039(6) 0.027(5) -0.016(5) -0.004(5) 0.028(5)  
C36 0.049(7) 0.067(8) 0.033(6) -0.007(6) -0.008(6) 0.030(7)  
C37 0.029(6) 0.067(7) 0.049(7) -0.029(7) 0.009(5) 0.006(6)  
C38 0.034(6) 0.043(5) 0.038(6) -0.012(5) -0.002(5) -0.001(5)  
C39 0.062(12) 0.26(2) 0.129(17) 0.000 0.000 0.079(14)  
Cl1 0.62(2) 0.64(2) 0.74(2) -0.140(18) 0.009(19) 0.012(19)  
N1 0.022(4) 0.027(3) 0.028(4) 0.015(4) 0.002(3) -0.010(3)  
N2 0.031(5) 0.027(4) 0.035(5) 0.002(4) -0.001(4) 0.002(4)  
N3 0.017(4) 0.030(3) 0.026(4) -0.003(3) 0.010(4) 0.012(4)  
N4 0.041(6) 0.062(6) 0.029(5) -0.002(5) 0.008(4) -0.030(5)  
Ni2 0.0181(11) 0.0271(10) 0.0254(11) 0.000 0.000 -0.0024(10)  
O1 0.037(5) 0.069(5) 0.060(5) 0.026(5) 0.012(4) 0.021(4)  
O2 0.047(4) 0.051(4) 0.041(4) 0.002(4) -0.017(4) 0.021(4)  
O3 0.017(3) 0.021(2) 0.041(4) -0.001(3) 0.008(3) -0.013(3)  
O4 0.056(5) 0.061(5) 0.048(5) 0.013(4) 0.016(4) -0.027(5)  
O5 0.045(5) 0.098(6) 0.055(5) 0.000(5) 0.028(5) 0.006(5)  
S1 0.0314(14) 0.0425(14) 0.0431(15) 0.0029(13) -0.0030(13) 0.0155(12)  
  
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
121 
 
  
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Br1 C27 1.891(11) .  
C1 N1 1.485(10) .  
C1 C2 1.495(13) .  
C1 H1A 0.9900 .  
C1 H1B 0.9900 .  
C2 N3 1.243(11) .   
C2 N2 1.410(11) .   
C3 N2 1.490(12) .   
C3 C12 1.492(13) .  
C3 C4 1.552(11) .   
C3 H3 1.0000 .   
C4 N3 1.493(10) .   
C4 C18 1.517(12) .   
C4 H4 1.0000 .   
C5 C10 1.327(15) .   
C5 C6 1.355(15) .   
C5 S1 1.792(11) .   
C6 C7 1.383(15) .   
C6 H6 0.9500 .   
C7 C8 1.310(15) .   
C7 H7 0.9500 .   
C8 C9 1.408(16) .   
C8 C11 1.541(15) .   
C9 C10 1.391(15) .   
C9 H9 0.9500 .   
C10 H10 0.9500 .   
C11 H11A 0.9800 .   
C11 H11B 0.9800 .   
C11 H11C 0.9800 .   
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C12 C17 1.374(13) .   
C12 C13 1.441(13) .   
C13 C14 1.358(14) .   
C13 H13 0.9500 .   
C14 C15 1.420(15) .   
C14 H14 0.9500 .   
C15 C16 1.345(17) .   
C15 H15 0.9500 .   
C16 C17 1.390(14) .   
C16 H16 0.9500 .   
C17 H17 0.9500 .   
C18 C19 1.368(12) .   
C18 C23 1.380(13) .   
C19 C20 1.394(13) .   
C19 H19 0.9500 .   
C20 C21 1.338(14) .   
C20 H20 0.9500 .   
C21 C22 1.408(15) .   
C21 H21 0.9500 .   
C22 C23 1.362(15) .   
C22 H22 0.9500 .   
C23 H23 0.9500 .   
C24 N1 1.510(11) .   
C24 C25 1.518(12) .   
C24 H24A 0.9900 .   
C24 H24B 0.9900 .   
C25 C30 1.375(13) .   
C25 C26 1.417(13) .  
C26 O3 1.268(10) .  
C26 C27 1.449(11) .   
C27 C28 1.372(13) .  
C28 C29 1.361(14) .   
C28 H28 0.9500 .   
C29 C30 1.415(13) .   
C29 N4 1.466(12) .   
C30 H30 0.9500 .   
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C31 N1 1.500(11) .   
C31 C32 1.512(13) .   
C31 C33 1.552(13) .   
C31 H31 1.0000 .   
C32 H32A 0.9800 .   
C32 H32B 0.9800 .   
C32 H32C 0.9800 .   
C33 C38 1.362(14) .   
C33 C34 1.396(13) .   
C34 C35 1.371(13) .   
C34 H34 0.9500 .   
C35 C36 1.354(15) .   
C35 H35 0.9500 .   
C36 C37 1.399(15) .   
C36 H36 0.9500 .   
C37 C38 1.377(14) .   
C37 H37 0.9500 .   
C38 H38 0.9500 .   
C39 Cl1 1.95(3) .   
C39 Cl1 1.95(3) 2_765   
C39 H39A 0.9900 .   
C39 H39B 0.9900 .   
N1 Ni2 2.444(8) .   
N2 S1 1.688(8) .   
N3 Ni2 2.087(8) .   
N4 O5 1.207(12) .   
N4 O4 1.252(11) .  
Ni2 O3 2.028(5) .   
Ni2 O3 2.028(5) 2_665   
Ni2 N3 2.087(8) 2_665   
Ni2 N1 2.444(8) 2_665   
O1 S1 1.449(8) .   
O2 S1 1.415(7) .   
  
loop_  
 _geom_angle_atom_site_label_1  
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 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
N1 C1 C2 109.6(7) . .   
N1 C1 H1A 109.8 . .   
C2 C1 H1A 109.8 . .   
N1 C1 H1B 109.8 . .   
C2 C1 H1B 109.8 . .   
H1A C1 H1B 108.2 . .  
N3 C2 N2 115.5(9) . .   
N3 C2 C1 123.6(8) . .   
N2 C2 C1 120.9(8) . .   
N2 C3 C12 110.8(8) . .  
N2 C3 C4 99.2(7) . .   
C12 C3 C4 115.3(8) . .   
N2 C3 H3 110.3 . .  
C12 C3 H3 110.3 . .   
C4 C3 H3 110.3 . .   
N3 C4 C18 112.9(8) . .   
N3 C4 C3 106.2(7) . .   
C18 C4 C3 114.0(7) . .   
N3 C4 H4 107.8 . .   
C18 C4 H4 107.8 . .   
C3 C4 H4 107.8 . .   
C10 C5 C6 122.4(11) . .   
C10 C5 S1 119.2(9) . .   
C6 C5 S1 118.4(9) . .   
C5 C6 C7 118.7(11) . .   
C5 C6 H6 120.6 . .   
C7 C6 H6 120.6 . .   
C8 C7 C6 121.7(11) . .   
C8 C7 H7 119.2 . .   
C6 C7 H7 119.2 . .   
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C7 C8 C9 119.0(11) . .   
C7 C8 C11 122.1(12) . .   
C9 C8 C11 118.9(13) . .   
C10 C9 C8 119.6(12) . .   
C10 C9 H9 120.2 . .   
C8 C9 H9 120.2 . .   
C5 C10 C9 118.6(11) . .   
C5 C10 H10 120.7 . .   
C9 C10 H10 120.7 . .   
C8 C11 H11A 109.5 . .   
C8 C11 H11B 109.5 . .   
H11A C11 H11B 109.5 . .  
C8 C11 H11C 109.5 . .   
H11A C11 H11C 109.5 . .   
H11B C11 H11C 109.5 . .   
C17 C12 C13 117.6(10) . .   
C17 C12 C3 121.2(10) . .  
C13 C12 C3 121.2(9) . .   
C14 C13 C12 121.5(10) . .   
C14 C13 H13 119.2 . .   
C12 C13 H13 119.2 . .   
C13 C14 C15 118.4(11) . .   
C13 C14 H14 120.8 . .   
C15 C14 H14 120.8 . .   
C16 C15 C14 120.2(11) . .   
C16 C15 H15 119.9 . .   
C14 C15 H15 119.9 . .   
C15 C16 C17 121.7(11) . .   
C15 C16 H16 119.2 . .   
C17 C16 H16 119.2 . .   
C12 C17 C16 120.3(11) . .   
C12 C17 H17 119.9 . .   
C16 C17 H17 119.9 . .   
C19 C18 C23 117.4(9) . .   
C19 C18 C4 119.1(8) . .   
C23 C18 C4 123.5(8) . .   
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C18 C19 C20 122.3(10) . .   
C18 C19 H19 118.9 . .   
C20 C19 H19 118.9 . .   
C21 C20 C19 119.5(10) . .   
C21 C20 H20 120.3 . .   
C19 C20 H20 120.3 . .  
C20 C21 C22 119.4(11) . .   
C20 C21 H21 120.3 . .   
C22 C21 H21 120.3 . .   
C23 C22 C21 120.1(12) . .   
C23 C22 H22 120.0 . .   
C21 C22 H22 120.0 . .   
C22 C23 C18 121.2(11) . .   
C22 C23 H23 119.4 . .   
C18 C23 H23 119.4 . .   
N1 C24 C25 114.0(7) . .   
N1 C24 H24A 108.8 . .   
C25 C24 H24A 108.8 . .   
N1 C24 H24B 108.8 . .   
C25 C24 H24B 108.8 . .   
H24A C24 H24B 107.6 . .   
C30 C25 C26 122.3(8) . .   
C30 C25 C24 117.4(8) . .   
C26 C25 C24 120.1(8) . .   
O3 C26 C25 124.5(8) . .   
O3 C26 C27 120.2(9) . .  
C25 C26 C27 115.0(8) . .   
C28 C27 C26 122.6(10) . .   
C28 C27 Br1 118.9(7) . .   
C26 C27 Br1 118.4(7) . .   
C29 C28 C27 119.4(9) . .   
C29 C28 H28 120.3 . .   
C27 C28 H28 120.3 . .   
C28 C29 C30 121.3(9) . .   
C28 C29 N4 121.3(9) . .   
C30 C29 N4 117.4(9) . .   
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C25 C30 C29 119.1(9) . .   
C25 C30 H30 120.4 . .   
C29 C30 H30 120.4 . .   
N1 C31 C32 110.7(8) . .   
N1 C31 C33 113.9(8) . .   
C32 C31 C33 113.8(8) . .   
N1 C31 H31 105.9 . .   
C32 C31 H31 105.9 . .   
C33 C31 H31 105.9 . .   
C31 C32 H32A 109.5 . .   
C31 C32 H32B 109.5 . .   
H32A C32 H32B 109.5 . .   
C31 C32 H32C 109.5 . .   
H32A C32 H32C 109.5 . .   
H32B C32 H32C 109.5 . .   
C38 C33 C34 118.3(10) . .   
C38 C33 C31 120.4(9) . .   
C34 C33 C31 121.3(10) . .   
C35 C34 C33 120.3(11) . .   
C35 C34 H34 119.8 . .   
C33 C34 H34 119.8 . .   
C36 C35 C34 120.3(10) . .   
C36 C35 H35 119.9 . .   
C34 C35 H35 119.9 . .   
C35 C36 C37 120.9(11) . .   
C35 C36 H36 119.5 . .   
C37 C36 H36 119.5 . .   
C38 C37 C36 117.6(11) . .   
C38 C37 H37 121.2 . .   
C36 C37 H37 121.2 . .   
C33 C38 C37 122.5(10) . .   
C33 C38 H38 118.8 . .   
C37 C38 H38 118.8 . .   
Cl1 C39 Cl1 80.5(17) . 2_765   
Cl1 C39 H39A 115.2 . .   
Cl1 C39 H39A 115.2 2_765 .   
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Cl1 C39 H39B 115.2 . .   
Cl1 C39 H39B 115.2 2_765 .   
H39A C39 H39B 112.2 . .   
C1 N1 C31 111.3(7) . .   
C1 N1 C24 103.6(7) . .   
C31 N1 C24 110.0(7) . .   
C1 N1 Ni2 99.6(5) . .   
C31 N1 Ni2 123.8(6) . .   
C24 N1 Ni2 106.6(5) . .   
C2 N2 C3 108.1(7) . .   
C2 N2 S1 130.8(7) . .   
C3 N2 S1 121.0(6) . .   
C2 N3 C4 108.1(8) . .   
C2 N3 Ni2 116.0(6) . .   
C4 N3 Ni2 134.7(5) . .   
O5 N4 O4 123.8(9) . .   
O5 N4 C29 119.7(9) . .   
O4 N4 C29 116.2(10) . .   
O3 Ni2 O3 170.3(4) . 2_665   
O3 Ni2 N3 100.3(3) . .   
O3 Ni2 N3 86.2(3) 2_665 .  
O3 Ni2 N3 86.2(3) . 2_665   
O3 Ni2 N3 100.3(3) 2_665 2_665  
N3 Ni2 N3 96.8(4) . 2_665   
O3 Ni2 N1 89.1(2) . 2_665   
O3 Ni2 N1 85.8(2) 2_665 2_665  
N3 Ni2 N1 166.8(3) . 2_665   
N3 Ni2 N1 74.4(3) 2_665 2_665   
O3 Ni2 N1 85.8(2) . .   
O3 Ni2 N1 89.1(2) 2_665 .  
N3 Ni2 N1 74.4(3) . .   
N3 Ni2 N1 166.8(3) 2_665 .   
N1 Ni2 N1 115.8(4) 2_665 .   
C26 O3 Ni2 132.7(6) . .   
O2 S1 O1 121.5(5) . .   
O2 S1 N2 103.7(4) . .   
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O1 S1 N2 106.6(4) . .   
O2 S1 C5 109.2(5) . .   
O1 S1 C5 108.8(5) . .   
N2 S1 C5 106.0(4) . .   
  
_diffrn_measured_fraction_theta_max    0.965  
_diffrn_reflns_theta_full              67.86  
_diffrn_measured_fraction_theta_full   0.965  
_refine_diff_density_max    0.789  
_refine_diff_density_min   -0.866  
_refine_diff_density_rms    0.111  
 
# SQUEEZE RESULTS (APPEND TO CIF) 
# Note: Data are Listed for all Voids in the P1 Unit Cell 
# i.e. Centre of Gravity, Solvent Accessible Volume, 
# Recovered number of Electrons in the Void and 
# Details about the Squeezed Material 
loop_ 
  _platon_squeeze_void_nr 
  _platon_squeeze_void_average_x 
  _platon_squeeze_void_average_y 
  _platon_squeeze_void_average_z 
  _platon_squeeze_void_volume 
  _platon_squeeze_void_count_electrons 
  _platon_squeeze_void_content 
   1  0.000  0.500  0.294        93        12 ' ' 
   2  0.465  0.150  0.183         8         1 ' ' 
   3  0.535  0.850  0.183         8         1 ' ' 
   4  0.500  1.000  0.706        93        12 ' ' 
   5  0.035  0.650  0.816         8         1 ' ' 
   6  0.965  0.350  0.816         8         1 ' ' 
_platon_squeeze_details 
; 
; 
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X-ray Structure analysis of Figure 3-4 in Chapter 3. 
 
data_arai40_0m  
   
_audit_creation_method            SHELXL-97  
_chemical_name_systematic  
;  
   
;  
_chemical_name_common               
_chemical_melting_point             
_chemical_formula_moiety            
_chemical_formula_sum  
 'C24 H22 Br N3 O5'  
_chemical_formula_weight          512.36  
   
loop_  
 _atom_type_symbol  
 _atom_type_description  
 _atom_type_scat_dispersion_real  
 _atom_type_scat_dispersion_imag  
 _atom_type_scat_source  
 'C'  'C'   0.0033   0.0016  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'H'  'H'   0.0000   0.0000  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'N'  'N'   0.0061   0.0033  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'O'  'O'   0.0106   0.0060  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
 'Br'  'Br'  -0.2901   2.4595  
 'International Tables Vol C Tables 4.2.6.8 and 6.1.1.4'  
   
_symmetry_cell_setting            Orthorhombic  
_symmetry_space_group_name_H-M    P2(1)2(1)2(1)  
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loop_  
 _symmetry_equiv_pos_as_xyz  
 'x, y, z'  
 'x+1/2, -y+1/2, -z'  
 '-x, y+1/2, -z+1/2'  
 '-x+1/2, -y, z+1/2'  
   
_cell_length_a                    11.0224(6)  
_cell_length_b                    12.8724(7)  
_cell_length_c                    16.2359(9)  
_cell_angle_alpha                 90.00  
_cell_angle_beta                  90.00  
_cell_angle_gamma                 90.00  
_cell_volume                      2303.6(2)  
_cell_formula_units_Z             4  
_cell_measurement_temperature     173  
_cell_measurement_reflns_used     7692  
_cell_measurement_theta_min       2.23  
_cell_measurement_theta_max       27.87  
   
_exptl_crystal_description        prism  
_exptl_crystal_colour             colorless  
_exptl_crystal_size_max           0.30  
_exptl_crystal_size_mid           0.30  
_exptl_crystal_size_min           0.20  
_exptl_crystal_density_meas       0  
_exptl_crystal_density_diffrn     1.477  
_exptl_crystal_density_method     'not measured'  
_exptl_crystal_F_000              1048  
_exptl_absorpt_coefficient_mu     1.825  
_exptl_absorpt_correction_type    empirical  
_exptl_absorpt_correction_T_min   0.6105  
_exptl_absorpt_correction_T_max   0.7116  
_exptl_absorpt_process_details      
   
_exptl_special_details  
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;  
SADABS Sheldrick1996  
;  
   
_diffrn_ambient_temperature       173 
_diffrn_radiation_wavelength      0.71073  
_diffrn_radiation_type            MoK¥a  
_diffrn_radiation_source          'fine-focus sealed tube'  
_diffrn_radiation_monochromator   graphite  
_diffrn_measurement_device_type   'Bruker APEX-II CCD'  
_diffrn_measurement_method        '¥f and ¥w scans'  
_diffrn_detector_area_resol_mean  8.333  
_diffrn_reflns_number             12935  
_diffrn_reflns_av_R_equivalents   0.0191  
_diffrn_reflns_av_sigmaI/netI     0.0494  
_diffrn_reflns_limit_h_min        -14  
_diffrn_reflns_limit_h_max        14  
_diffrn_reflns_limit_k_min        -16  
_diffrn_reflns_limit_k_max        15  
_diffrn_reflns_limit_l_min        -17  
_diffrn_reflns_limit_l_max        21  
_diffrn_reflns_theta_min          2.02  
_diffrn_reflns_theta_max          28.45  
_reflns_number_total              5239  
_reflns_number_gt                 4862  
_reflns_threshold_expression      >2sigma(I)  
   
_computing_data_collection        'Bruker APEX2'  
_computing_cell_refinement        'Bruker SAINT'  
_computing_data_reduction         'Bruker SAINT'  
_computing_structure_solution     'SHELXS-97 (Sheldrick, 2008)'  
_computing_structure_refinement   'SHELXL-97 (Sheldrick, 2008)'  
_computing_molecular_graphics     'Bruker SHELXTL'  
_computing_publication_material   'Bruker SHELXTL'  
   
_refine_special_details  
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;  
 Refinement of F^2^ against ALL reflections.  The weighted R-factor wR and  
 goodness of fit S are based on F^2^, conventional R-factors R are based  
 on F, with F set to zero for negative F^2^. The threshold expression of  
 F^2^ > 2sigma(F^2^) is used only for calculating R-factors(gt) etc. and is  
 not relevant to the choice of reflections for refinement.  R-factors based  
 on F^2^ are statistically about twice as large as those based on F, and R-  
 factors based on ALL data will be even larger.  
;  
   
_refine_ls_structure_factor_coef  Fsqd  
_refine_ls_matrix_type            full  
_refine_ls_weighting_scheme       calc  
_refine_ls_weighting_details  
 'calc w=1/[¥s^2^(Fo^2^)+(0.0000P)^2^+0.0000P] where P=(Fo^2^+2Fc^2^)/3'  
_atom_sites_solution_primary      direct  
_atom_sites_solution_secondary    difmap  
_atom_sites_solution_hydrogens    geom  
_refine_ls_hydrogen_treatment     const  
_refine_ls_extinction_method      none  
_refine_ls_extinction_coef          
_refine_ls_abs_structure_details  
 'Flack H D (1983), Acta Cryst. A39, 876-881'  
_refine_ls_abs_structure_Flack    0.002(5)  
_refine_ls_number_reflns          5239  
_refine_ls_number_parameters      302  
_refine_ls_number_restraints      0  
_refine_ls_R_factor_all           0.0253  
_refine_ls_R_factor_gt            0.0223  
_refine_ls_wR_factor_ref          0.0533  
_refine_ls_wR_factor_gt           0.0526  
_refine_ls_goodness_of_fit_ref    0.962  
_refine_ls_restrained_S_all       0.962  
_refine_ls_shift/su_max           0.232  
_refine_ls_shift/su_mean          0.005  
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loop_  
 _atom_site_label  
 _atom_site_type_symbol  
 _atom_site_fract_x  
 _atom_site_fract_y  
 _atom_site_fract_z  
 _atom_site_U_iso_or_equiv  
 _atom_site_adp_type  
 _atom_site_occupancy  
 _atom_site_symmetry_multiplicity  
 _atom_site_calc_flag  
 _atom_site_refinement_flags  
 _atom_site_disorder_assembly  
 _atom_site_disorder_group  
Br1 Br 0.294246(15) 0.295768(14) 0.227346(11) 0.02806(5) Uani 1 1 d . . .  
C14 C 0.48546(14) 0.35616(13) 0.33404(11) 0.0190(3) Uani 1 1 d . . .  
H10 H 0.4753 0.4229 0.3101 0.023 Uiso 1 1 calc R . .  
O5 O 1.01885(10) 0.64515(9) 0.28790(8) 0.0258(3) Uani 1 1 d . . .  
C19 C 0.7114(2) 0.14778(14) 0.53573(12) 0.0329(4) Uani 1 1 d . . .  
H13 H 0.7957 0.1582 0.5532 0.049 Uiso 1 1 calc R . .  
H14 H 0.7063 0.0857 0.5009 0.049 Uiso 1 1 calc R . .  
H15 H 0.6599 0.1386 0.5844 0.049 Uiso 1 1 calc R . .  
O4 O 0.91662(13) 0.53285(12) 0.20644(9) 0.0409(4) Uani 1 1 d . . .  
C15 C 0.41718(14) 0.27276(13) 0.30842(11) 0.0217(4) Uani 1 1 d . . .  
C13 C 0.57103(14) 0.33890(12) 0.39713(10) 0.0177(3) Uani 1 1 d . . .  
N1 N 0.86479(12) 0.55525(11) 0.34212(9) 0.0193(3) Uani 1 1 d . . .  
C16 C 0.42943(15) 0.17258(13) 0.34017(11) 0.0227(4) Uani 1 1 d . . .  
H11 H 0.3810 0.1175 0.3193 0.027 Uiso 1 1 calc R . .  
C12 C 0.65926(14) 0.40162(13) 0.44005(10) 0.0175(3) Uani 1 1 d . . .  
C2 C 0.69085(14) 0.51465(12) 0.42429(10) 0.0174(3) Uani 1 1 d . . .  
C1 C 0.74413(15) 0.52026(12) 0.33649(11) 0.0180(3) Uani 1 1 d . . .  
C20 C 0.93438(14) 0.57480(13) 0.27054(12) 0.0230(3) Uani 1 1 d . . .  
C21 C 1.11105(16) 0.67459(14) 0.22485(13) 0.0306(4) Uani 1 1 d . . .  
C22 C 1.0487(2) 0.7238(2) 0.15172(15) 0.0518(6) Uani 1 1 d . . .  
H17 H 0.9972 0.6722 0.1245 0.078 Uiso 1 1 calc R . .  
H18 H 1.1099 0.7492 0.1128 0.078 Uiso 1 1 calc R . .  
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H16 H 0.9986 0.7821 0.1705 0.078 Uiso 1 1 calc R . .  
C11 C 0.71649(16) 0.33726(13) 0.49468(10) 0.0216(3) Uani 1 1 d . . .  
H9 H 0.7792 0.3581 0.5313 0.026 Uiso 1 1 calc R . .  
N3 N 0.67051(12) 0.23807(11) 0.48927(10) 0.0227(3) Uani 1 1 d . . .  
C18 C 0.58167(14) 0.23688(12) 0.42976(11) 0.0191(3) Uani 1 1 d . . .  
C17 C 0.51239(15) 0.15398(13) 0.40216(11) 0.0231(4) Uani 1 1 d . . .  
H12 H 0.5217 0.0866 0.4252 0.028 Uiso 1 1 calc R . .  
C8 C 0.89446(15) 0.57674(12) 0.42607(10) 0.0181(3) Uani 1 1 d . . .  
C3 C 0.79580(16) 0.55357(11) 0.47661(10) 0.0182(3) Uani 1 1 d . . .  
C4 C 0.80420(16) 0.56718(12) 0.56096(11) 0.0214(3) Uani 1 1 d . . .  
H1 H 0.7372 0.5510 0.5955 0.026 Uiso 1 1 calc R . .  
C5 C 0.91098(15) 0.60464(13) 0.59468(11) 0.0235(4) Uani 1 1 d . . .  
H2 H 0.9168 0.6161 0.6523 0.028 Uiso 1 1 calc R . .  
C6 C 1.00997(16) 0.62544(13) 0.54384(12) 0.0244(4) Uani 1 1 d . . .  
H3 H 1.0833 0.6500 0.5677 0.029 Uiso 1 1 calc R . .  
C7 C 1.00395(15) 0.61114(13) 0.45904(11) 0.0224(4) Uani 1 1 d . . .  
H4 H 1.0721 0.6244 0.4248 0.027 Uiso 1 1 calc R . .  
C24 C 1.18746(19) 0.75399(18) 0.27086(16) 0.0472(5) Uani 1 1 d . . .  
H24 H 1.1366 0.8132 0.2865 0.071 Uiso 1 1 calc R . .  
H22 H 1.2535 0.7780 0.2352 0.071 Uiso 1 1 calc R . .  
H23 H 1.2215 0.7220 0.3205 0.071 Uiso 1 1 calc R . .  
C23 C 1.18499(19) 0.58007(18) 0.20260(17) 0.0493(6) Uani 1 1 d . . .  
H21 H 1.2185 0.5490 0.2528 0.074 Uiso 1 1 calc R . .  
H20 H 1.2515 0.6005 0.1659 0.074 Uiso 1 1 calc R . .  
H19 H 1.1331 0.5293 0.1746 0.074 Uiso 1 1 calc R . .  
C9 C 0.57764(15) 0.58686(13) 0.42681(12) 0.0230(4) Uani 1 1 d . . .  
H5 H 0.6038 0.6594 0.4171 0.028 Uiso 1 1 calc R . .  
H6 H 0.5219 0.5671 0.3817 0.028 Uiso 1 1 calc R . .  
C10 C 0.51038(17) 0.58147(18) 0.50727(14) 0.0359(5) Uani 1 1 d . . .  
H8 H 0.5113 0.5089 0.5275 0.043 Uiso 1 1 calc R . .  
H7 H 0.5528 0.6251 0.5484 0.043 Uiso 1 1 calc R . .  
N2 N 0.38140(16) 0.61737(14) 0.49991(13) 0.0390(4) Uani 1 1 d . . .  
O3 O 0.33816(15) 0.66306(16) 0.55809(14) 0.0697(6) Uani 1 1 d . . .  
O2 O 0.32603(14) 0.59669(17) 0.43672(14) 0.0675(6) Uani 1 1 d . . .  
O1 O 0.69064(10) 0.49939(8) 0.27423(8) 0.0232(2) Uani 1 1 d . . .  
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loop_  
 _atom_site_aniso_label  
 _atom_site_aniso_U_11  
 _atom_site_aniso_U_22  
 _atom_site_aniso_U_33  
 _atom_site_aniso_U_23  
 _atom_site_aniso_U_13  
 _atom_site_aniso_U_12  
Br1 0.02627(9) 0.03354(9) 0.02436(9) -0.00063(8) -0.00757(8) -0.00400(8)  
C14 0.0186(8) 0.0193(8) 0.0192(8) 0.0015(7) 0.0018(6) -0.0017(7)  
O5 0.0257(6) 0.0301(6) 0.0217(7) -0.0001(5) 0.0057(5) -0.0100(5)  
C19 0.0409(10) 0.0245(9) 0.0332(10) 0.0068(8) -0.0124(10) 0.0001(10)  
O4 0.0386(8) 0.0588(9) 0.0254(8) -0.0112(7) 0.0091(6) -0.0233(7)  
C15 0.0176(8) 0.0304(10) 0.0172(8) -0.0009(7) -0.0012(6) -0.0014(7)  
C13 0.0170(8) 0.0186(8) 0.0177(8) 0.0001(7) 0.0039(7) -0.0009(6)  
N1 0.0172(7) 0.0228(7) 0.0179(8) -0.0004(6) 0.0003(6) -0.0040(6)  
C16 0.0242(9) 0.0212(9) 0.0229(9) -0.0035(7) 0.0000(7) -0.0068(7)  
C12 0.0165(7) 0.0183(8) 0.0177(8) -0.0007(7) 0.0025(6) -0.0014(6)  
C2 0.0149(8) 0.0181(7) 0.0193(8) 0.0001(6) 0.0003(6) -0.0011(6)  
C1 0.0190(8) 0.0133(7) 0.0216(9) 0.0029(7) 0.0000(7) -0.0012(6)  
C20 0.0219(8) 0.0267(8) 0.0205(9) 0.0002(8) 0.0023(8) -0.0038(7)  
C21 0.0272(9) 0.0379(10) 0.0268(9) 0.0045(9) 0.0089(9) -0.0119(8)  
C22 0.0520(13) 0.0669(17) 0.0365(12) 0.0235(12) 0.0039(11) -0.0107(12)  
C11 0.0199(8) 0.0229(8) 0.0219(8) -0.0011(7) -0.0014(7) -0.0026(7)  
N3 0.0247(7) 0.0174(7) 0.0260(8) 0.0028(6) -0.0047(6) 0.0000(6)  
C18 0.0186(8) 0.0198(8) 0.0190(8) 0.0009(7) 0.0012(7) -0.0012(6)  
C17 0.0260(9) 0.0175(8) 0.0257(9) 0.0003(7) 0.0023(7) -0.0014(7)  
C8 0.0214(8) 0.0146(8) 0.0182(9) 0.0001(6) -0.0001(7) -0.0008(7)  
C3 0.0189(7) 0.0146(7) 0.0212(8) -0.0006(6) -0.0004(8) 0.0002(7)  
C4 0.0230(8) 0.0190(8) 0.0223(9) -0.0002(6) 0.0020(8) -0.0003(7)  
C5 0.0326(10) 0.0196(8) 0.0183(9) -0.0025(7) -0.0024(7) 0.0007(7)  
C6 0.0244(9) 0.0205(8) 0.0284(10) 0.0011(8) -0.0077(7) -0.0055(7)  
C7 0.0194(8) 0.0212(8) 0.0266(9) 0.0011(8) -0.0017(7) -0.0049(7)  
C24 0.0478(13) 0.0497(12) 0.0441(12) -0.0001(11) 0.0097(12) -0.0279(10)  
C23 0.0330(12) 0.0493(13) 0.0657(17) -0.0024(12) 0.0215(11) -0.0034(10)  
C9 0.0208(8) 0.0193(8) 0.0290(10) 0.0005(8) 0.0004(7) 0.0004(7)  
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C10 0.0262(10) 0.0457(12) 0.0358(12) 0.0012(10) 0.0053(9) 0.0106(9)  
N2 0.0273(9) 0.0343(9) 0.0554(13) 0.0101(9) 0.0156(9) 0.0030(8)  
O3 0.0515(10) 0.0801(13) 0.0774(15) -0.0079(11) 0.0370(10) 0.0199(9)  
O2 0.0289(9) 0.0969(15) 0.0766(15) -0.0006(13) -0.0062(9) 0.0057(9)  
O1 0.0236(6) 0.0272(6) 0.0188(6) 0.0012(5) -0.0041(6) -0.0042(5)  
   
_geom_special_details  
;  
 All esds (except the esd in the dihedral angle between two l.s. planes)  
 are estimated using the full covariance matrix.  The cell esds are taken  
 into account individually in the estimation of esds in distances, angles  
 and torsion angles; correlations between esds in cell parameters are only  
 used when they are defined by crystal symmetry.  An approximate (isotropic)  
 treatment of cell esds is used for estimating esds involving l.s. planes.  
;  
   
loop_  
 _geom_bond_atom_site_label_1  
 _geom_bond_atom_site_label_2  
 _geom_bond_distance  
 _geom_bond_site_symmetry_2  
 _geom_bond_publ_flag  
Br1 C15 1.9122(16) .   
C14 C15 1.376(2) .   
C14 C13 1.410(2) .   
C14 H10 0.9500 .   
O5 C20 1.329(2) .   
O5 C21 1.491(2) .   
C19 N3 1.457(2) .   
C19 H13 0.9800 .   
C19 H14 0.9800 .   
C19 H15 0.9800 .   
O4 C20 1.189(2) .   
C15 C16 1.395(2) .   
C13 C18 1.421(2) .   
C13 C12 1.443(2) .   
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N1 C1 1.407(2) .   
N1 C20 1.415(2) .   
N1 C8 1.429(2) .   
C16 C17 1.381(2) .   
C16 H11 0.9500 .   
C12 C11 1.368(2) .   
C12 C2 1.518(2) .   
C2 C3 1.520(2) .   
C2 C1 1.543(2) .  
C2 C9 1.556(2) .   
C1 O1 1.201(2) .   
C21 C23 1.508(3) .   
C21 C22 1.511(3) .   
C21 C24 1.521(3) .   
C22 H17 0.9800 .   
C22 H18 0.9800 .   
C22 H16 0.9800 .   
C11 N3 1.376(2) .   
C11 H9 0.9500 .   
N3 C18 1.376(2) .   
C18 C17 1.387(2) .   
C17 H12 0.9500 .   
C8 C7 1.392(2) .   
C8 C3 1.395(2) .   
C3 C4 1.384(2) .   
C4 C5 1.385(2) .   
C4 H1 0.9500 .   
C5 C6 1.394(3) .   
C5 H2 0.9500 .   
C6 C7 1.391(3) .   
C6 H3 0.9500 .   
C7 H4 0.9500 .   
C24 H24 0.9800 .   
C24 H22 0.9800 .   
C24 H23 0.9800 .   
C23 H21 0.9800 .   
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C23 H20 0.9800 .   
C23 H19 0.9800 .   
C9 C10 1.504(3) .   
C9 H5 0.9900 .   
C9 H6 0.9900 .   
C10 N2 1.500(2) .   
C10 H8 0.9900 .   
C10 H7 0.9900 .   
N2 O3 1.211(3) .   
N2 O2 1.223(3) .   
   
loop_  
 _geom_angle_atom_site_label_1  
 _geom_angle_atom_site_label_2  
 _geom_angle_atom_site_label_3  
 _geom_angle  
 _geom_angle_site_symmetry_1  
 _geom_angle_site_symmetry_3  
 _geom_angle_publ_flag  
C15 C14 C13 117.56(15) . .   
C15 C14 H10 121.2 . .   
C13 C14 H10 121.2 . .   
C20 O5 C21 120.33(14) . .   
N3 C19 H13 109.5 . .   
N3 C19 H14 109.5 . .   
H13 C19 H14 109.5 . .   
N3 C19 H15 109.5 . .  
H13 C19 H15 109.5 . .   
H14 C19 H15 109.5 . .   
C14 C15 C16 123.82(16) . .   
C14 C15 Br1 118.36(13) . .   
C16 C15 Br1 117.78(12) . .   
C14 C13 C18 118.14(15) . .   
C14 C13 C12 135.50(15) . .   
C18 C13 C12 106.34(14) . .   
C1 N1 C20 121.06(15) . .   
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C1 N1 C8 109.90(14) . .   
C20 N1 C8 128.68(14) . .   
C17 C16 C15 119.58(15) . .   
C17 C16 H11 120.2 . .   
C15 C16 H11 120.2 . .   
C11 C12 C13 106.56(15) . .   
C11 C12 C2 125.74(15) . .   
C13 C12 C2 127.55(15) . .   
C12 C2 C3 113.35(13) . .   
C12 C2 C1 106.73(13) . .   
C3 C2 C1 102.18(13) . .   
C12 C2 C9 112.59(13) . .  
C3 C2 C9 113.49(13) . .   
C1 C2 C9 107.54(13) . .   
O1 C1 N1 126.19(16) . .   
O1 C1 C2 125.47(15) . .   
N1 C1 C2 108.34(14) . .   
O4 C20 O5 127.64(17) . .   
O4 C20 N1 123.29(15) . .   
O5 C20 N1 109.07(15) . .   
O5 C21 C23 109.13(15) . .   
O5 C21 C22 109.63(15) . .   
C23 C21 C22 113.3(2) . .   
O5 C21 C24 102.19(16) . .   
C23 C21 C24 111.14(17) . .  
C22 C21 C24 110.85(18) . .   
C21 C22 H17 109.5 . .   
C21 C22 H18 109.5 . .   
H17 C22 H18 109.5 . .   
C21 C22 H16 109.5 . .   
H17 C22 H16 109.5 . .   
H18 C22 H16 109.5 . .   
C12 C11 N3 110.52(15) . .   
C12 C11 H9 124.7 . .   
N3 C11 H9 124.7 . .   
C18 N3 C11 108.50(14) . .   
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C18 N3 C19 125.10(14) . .   
C11 N3 C19 126.35(14) . .  
N3 C18 C17 128.87(15) . .   
N3 C18 C13 108.08(14) . .   
C17 C18 C13 123.04(15) . .   
C16 C17 C18 117.83(15) . .   
C16 C17 H12 121.1 . .   
C18 C17 H12 121.1 . .   
C7 C8 C3 121.18(16) . .   
C7 C8 N1 128.81(15) . .   
C3 C8 N1 109.96(14) . .   
C4 C3 C8 120.20(17) . .   
C4 C3 C2 130.21(16) . .   
C8 C3 C2 109.58(14) . .  
C3 C4 C5 119.49(17) . .   
C3 C4 H1 120.3 . .   
C5 C4 H1 120.3 . .   
C4 C5 C6 119.87(17) . .   
C4 C5 H2 120.1 . .   
C6 C5 H2 120.1 . .  
C7 C6 C5 121.56(16) . .   
C7 C6 H3 119.2 . .   
C5 C6 H3 119.2 . .  
C6 C7 C8 117.65(16) . .   
C6 C7 H4 121.2 . .   
C8 C7 H4 121.2 . .   
C21 C24 H24 109.5 . .   
C21 C24 H22 109.5 . .   
H24 C24 H22 109.5 . .   
C21 C24 H23 109.5 . .   
H24 C24 H23 109.5 . .   
H22 C24 H23 109.5 . .   
C21 C23 H21 109.5 . .   
C21 C23 H20 109.5 . .   
H21 C23 H20 109.5 . .   
C21 C23 H19 109.5 . .   
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H21 C23 H19 109.5 . .  
H20 C23 H19 109.5 . .   
C10 C9 C2 112.99(15) . .   
C10 C9 H5 109.0 . .   
C2 C9 H5 109.0 . .   
C10 C9 H6 109.0 . .   
C2 C9 H6 109.0 . .   
H5 C9 H6 107.8 . .   
N2 C10 C9 112.58(17) . .   
N2 C10 H8 109.1 . .   
C9 C10 H8 109.1 . .   
N2 C10 H7 109.1 . .   
C9 C10 H7 109.1 . .   
H8 C10 H7 107.8 . .   
O3 N2 O2 124.3(2) . .   
O3 N2 C10 117.4(2) . .   
O2 N2 C10 118.23(19) . .   
   
loop_  
 _geom_torsion_atom_site_label_1  
 _geom_torsion_atom_site_label_2  
 _geom_torsion_atom_site_label_3  
 _geom_torsion_atom_site_label_4  
 _geom_torsion  
 _geom_torsion_site_symmetry_1  
 _geom_torsion_site_symmetry_2  
 _geom_torsion_site_symmetry_3  
 _geom_torsion_site_symmetry_4  
 _geom_torsion_publ_flag  
C13 C14 C15 C16 -1.2(3) . . . .   
C13 C14 C15 Br1 176.54(12) . . . .   
C15 C14 C13 C18 0.3(2) . . . .   
C15 C14 C13 C12 178.96(18) . . . .   
C14 C15 C16 C17 1.4(3) . . . .   
Br1 C15 C16 C17 -176.33(13) . . . .  
C14 C13 C12 C11 -178.99(18) . . . .   
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C18 C13 C12 C11 -0.24(18) . . . .   
C14 C13 C12 C2 -3.3(3) . . . .   
C18 C13 C12 C2 175.45(15) . . . .   
C11 C12 C2 C3 -0.3(2) . . . .   
C13 C12 C2 C3 -175.21(15) . . . .   
C11 C12 C2 C1 111.40(18) . . . .   
C13 C12 C2 C1 -63.5(2) . . . .   
C11 C12 C2 C9 -130.83(17) . . . .  
C13 C12 C2 C9 54.3(2) . . . .   
C20 N1 C1 O1 3.5(2) . . . .   
C8 N1 C1 O1 177.15(16) . . . .   
C20 N1 C1 C2 -175.66(14) . . . .   
C8 N1 C1 C2 -2.01(17) . . . .   
C12 C2 C1 O1 63.2(2) . . . .   
C3 C2 C1 O1 -177.61(15) . . . .   
C9 C2 C1 O1 -57.9(2) . . . .   
C12 C2 C1 N1 -117.67(14) . . . .   
C3 C2 C1 N1 1.56(16) . . . .   
C9 C2 C1 N1 121.29(14) . . . .   
C21 O5 C20 O4 -4.4(3) . . . .   
C21 O5 C20 N1 175.53(14) . . . .   
C1 N1 C20 O4 -26.4(3) . . . .   
C8 N1 C20 O4 161.23(18) . . . .   
C1 N1 C20 O5 153.64(14) . . . .   
C8 N1 C20 O5 -18.7(2) . . . .   
C20 O5 C21 C23 -61.6(2) . . . .   
C20 O5 C21 C22 63.0(2) . . . .   
C20 O5 C21 C24 -179.38(16) . . . .   
C13 C12 C11 N3 0.00(19) . . . .   
C2 C12 C11 N3 -175.79(15) . . . .  
C12 C11 N3 C18 0.2(2) . . . .   
C12 C11 N3 C19 177.85(17) . . . .   
C11 N3 C18 C17 178.63(17) . . . .   
C19 N3 C18 C17 1.0(3) . . . .   
C11 N3 C18 C13 -0.39(19) . . . .  
C19 N3 C18 C13 -178.03(17) . . . .  
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C14 C13 C18 N3 179.39(14) . . . .   
C12 C13 C18 N3 0.39(18) . . . .   
C14 C13 C18 C17 0.3(3) . . . .   
C12 C13 C18 C17 -178.70(16) . . . .   
C15 C16 C17 C18 -0.7(3) . . . .   
N3 C18 C17 C16 -178.99(17) . . . .   
C13 C18 C17 C16 -0.1(3) . . . .   
C1 N1 C8 C7 178.92(16) . . . .   
C20 N1 C8 C7 -8.1(3) . . . .   
C1 N1 C8 C3 1.67(18) . . . .   
C20 N1 C8 C3 174.70(15) . . . .   
C7 C8 C3 C4 1.7(2) . . . .   
N1 C8 C3 C4 179.22(14) . . . .   
C7 C8 C3 C2 -178.09(14) . . . .   
N1 C8 C3 C2 -0.60(18) . . . .   
C12 C2 C3 C4 -65.9(2) . . . .   
C1 C2 C3 C4 179.63(16) . . . .   
C9 C2 C3 C4 64.2(2) . . . .   
C12 C2 C3 C8 113.88(15) . . . .   
C1 C2 C3 C8 -0.57(16) . . . .   
C9 C2 C3 C8 -116.04(15) . . . .   
C8 C3 C4 C5 0.4(2) . . . .   
C2 C3 C4 C5 -179.76(15) . . . .   
C3 C4 C5 C6 -1.8(2) . . . .   
C4 C5 C6 C7 1.1(3) . . . .   
C5 C6 C7 C8 1.0(3) . . . .   
C3 C8 C7 C6 -2.4(2) . . . .   
N1 C8 C7 C6 -179.40(16) . . . .   
C12 C2 C9 C10 57.7(2) . . . .   
C3 C2 C9 C10 -72.73(19) . . . .   
C1 C2 C9 C10 175.02(15) . . . .   
C2 C9 C10 N2 -158.70(15) . . . .   
C9 C10 N2 O3 -145.2(2) . . . .  
C9 C10 N2 O2 36.5(3) . . . .   
   
_diffrn_measured_fraction_theta_max    0.941  
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_diffrn_reflns_theta_full              28.45  
_diffrn_measured_fraction_theta_full   0.941  
_refine_diff_density_max    0.297  
_refine_diff_density_min   -0.218  
_refine_diff_density_rms    0.042 
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